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O Heart 

Touched with the flames of wrong way 

Thou cry with immense torture of agony…. 

 

Knowledge and skill in the field of electrocardiography are constantly changing 

with the newer researches and understanding.  

With humble words I wish to say that everything of ‘Cardiac Channelopathies’ is 

not covered within this book. Here I am putting some of my articles related to the 

subject. It is only a step towards the vast ocean of knowledge. I may be excused for 

any error or omission. Readers are suggested to consult the standard books on the 

subject concerned in case of need.  

                       With thanks and regards 

ECG Review : Cardiac Channelopathies  

                                      A simplified Approach 

(eBook for Academic Purpose only) 
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CARDIAC CHANNELOPATHIES –                        

A BASIC CONCEPT 
 



CARDIAC CHANNELOPATHIES –  A  BASIC CONCEPT 
                             
 

 

The cardiac world  of depolarization and repolarization expresses itself by the sequential 

opening and closing of ionic-cum-genetic oriented channels. With a homogenous 

environment encircling the fleshy mass of  cardiac myocytes , the chariot of life moves on the 

smooth path with no jolt.  

The changing pattern of Landscapes of ionic sequential distribution creates an uneven path 

for the propagation of cardiac impulses , forgetting the mutual comradeship. The  revolving 

wheels of the chariot lands in trouble -the charioteer may get jolts of arrhythmias which may 

end his life suddenly. The ECG communicates the rustles of such changes and the clinicians 

recognize them on the 12-lead ECG.  

 

Introduction     

The cardiac life flows through the smooth functioning with its ‘Action Potential’. There are 

genetically determined pores over the cardiac membrane through which ionic inflow 

and outflow occur and these are known as cardiac channels. In few cases these genetic 

pores (channels) are having altered electrophysiological function either from mutational loss 

or gain in the concerned gene which encodes the subunits of the concerned channels 

responsible for a particular ionic current.  

 

 

 

 

  

 

 

 

 

 

 

 

 
 
Cardiac electrophysiology under normal condition    

The contractile unit of myocytes lies in between endocardium and epicardium. The current of 

depolarization is spread through endocardial cells with an inner rich network of Purkinje 

fibers adjoined with myocytes forming Purkinje-myoctes unit. This allows the propagation of 

impulses from endocardium to epicardium and from apex to the base. This is to mention here 
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A Narrative Summary  

Cardiac membrane  

Ion Channels with its subunits /regulatory proteins 

(genetically determined) executing dissimilar 

expression at different cardiac regions , concerned 

with different ions transfer.  

Ionic controlled transfer (Na+ , Ca2+ , K+ , etc.) 

across the cardiac membrane 

ION CHANNEL : A BASIC CONCEPT 

Fig. 1.1 



that the depolarization makes the entire myocardium isoelectric so that a harmonized 

myocardial contraction may set in without its trembling. The repolarization journey starts 

towards the endocardium firstly by a transient opening of a specialized channel known as 

calcium-insensitive transient outward current (Ito) . This transient Ito current opens L-type 

current (‘L’ stands for long lasting referring to the length of activaton) and the further 

opening of Ca2+ channel is responsible for the exchange in between Ca2+ and K+ to bring 

‘excitation-contraction coupling’ operation resulting in harmonized myocardial contraction. 

Once the myocardial contraction gets completed , there is a sequential opening of different 

K+ channels in succession with ultimately restoration of the myocytes to the previous 

polarized state by  Na+-K+ ATP pump and Na+-Ca2+ exchanger.  

The entire concept as mentioned above is summarized as below : 

 

 

 

 

 

 

 

 

 

 

 

 

 

This is to be mentioned here that depolarization current is only concerned with the reversal of 

the polarized state resulting in negatively charged surface outside the cardiac membrane and 

positively charged inside. This is possible through inward current facilitated through Na+ 

conductance pushing the sodium ions inside the membrane. That’s why , the endocardial cells 

are rich in INa (NaV 1.5) , showing ‘dome pattern’. 

The repolarization is a journey proceeding towards normal polarity and for the purpose it is  

equipped with genetically determined ion channels – Ito , ICa, IKr , IKs , IKi in succession. 

These epicardial cells exhibits spike-and-dome pattern brought about by the Ito ion channels 

to initiate the subsequent phases of repolarization.  

In Nutshell, ‘Cardiac Action Potential’ results with the sequential opening and closing of 

genetically determined ion channels (INa, Ito , ICa, IKr, IKs ,IKi,  etc) 

The ‘Endocardial cells’ and ‘Epicardial cells’ do not show the ionic mirror image. The 

following differences in between two are observed: 

o ‘Endocardial cells’ without notch pattern (dome pattern), having little or no 

expression of Ito channels. This is to be mentioned here that ‘Endocardial cells’ is 

concerned mainly with the depolarization of the ventricles.  

o The ‘Epicardial cells’ exhibits spike-and-dome pattern brought about by the pool of 

Ito ion channels to initiate the subsequent phases of repolarization. 
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The delayed rectifiers potassium channels during repolarization are a family of 

potassium channels that allow a sustained K+ efflux with a delay after membrane 

depolarization. They are  rapid  rectifiers (IKr) , slow rectifiers (IKs) and the inward 

rectifier (IKi). Overall there is a net outward flow of potassium ions .This is to be noted 

here that the rapid delayed rectifier channels are last to be closed in this sequence, 

while the inward rectifier channels with ion pumps (Na+-K+ ATP pump and Na+-Ca2+ 

exchanger) remain active even upto the last phase of repolarization. 

Fig. 1.2 



o In the experiment in canine myocytes no sustained component of L-type Ca2+ channel 

was observed in ENDO cells, while with EPI cells a somewhat deeper and longer 

notch was associated with a larger population of Ca2+ channels. The notch is 

practically absent in ENDO cells, i.e. the major difference between the EPI and 

ENDO cells is that EPI cells do have a remarkable functional pool of Ca2+ channel 

to be activated while ENDO cells do not. (Reference :Endocardial versus epicardial 

differences in L-type calcium current in canine ventricular myocytes studied by action 

potential voltage clamp by Tamas Banyasz et al,  https:// doi.org/10.1016/S0008-6363 

(02) 00853-2) 

The events discussed upto this stage may be summarized with the following formulae, as 

illustrated below: 

 

 

 

 

 

‘Excitation-contraction Coupling’ in the handling of calcium ions within 

the cardiac myocytes (normal population) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Depolarization   INa (NaV 1.5) 

 Repolarization   Ito  ICa  IKr  IKs  IKi 

 Restoration to the resting state by Na+-K+ ATP Pump,  Na+ - Ca2+ exchanger 

         Handling of calcium ions within cardiac myocytes under normal condition :  

Entrance of Ca2+ in the interior of cardiac myocytes through T-tubules→ the stored Ca2+ 

ions are released from Sarcoendoplasmic reticulum (SR) into the cytosol → calcium ions 

coupled cardiac ‘Excitation-Contraction Coupling’. 

( The excess calcium is pushed again inside SR by Sarcoendoplasmic reticulum calcium 

ATPase -SERCA. The extra calcium ions might also be pushed outside the cardiac 

myocytes through Na-Ca exchanger mechanism whenever such ionic operation is 

needed) 
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Fig. 1.3 
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Classification of Channelopathies    

The classification depends upon genetically induced mutations leading to the alteration in 

ionic channel expression. A few important channelopathies are classified as below : 

(1) J wave syndromes  

o Brugada syndrome (BrS) 

o Early repolarization syndrome (ERS) 

(2) Long QT syndrome  

(3) Short QT syndrome  

(4) Catecholaminergic Polymorphic Ventricular tachycardia (CPVT) 

(5) Short-coupled variant of Torsade de Pointes (SCV – TdP) 

(6) Idiopathic ventricular fibrillation  

Mechanism underlying channelopathies  

Brugada syndrome (BrS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A genetically determined ionic derangement (mostly 

with SCN5A mutations) with some anatomical defects 

over right ventricular outflow tracts (RVOT) 

 

 Ionic changes over RVOT epicardium :  

   INa ( INaV 1.5),    Ito ,     Ica  

Reduced INa channels have a prominent role in 

depolarizing current leading to conduction delay over 

RVOT epicardium . 

When the Ito is prominent as in RVOT epicardium, it 

results in  more negative potential at which L-type 

calcium current fails to activate. 

 

 The normal ventricular mass producing ECG 

changes (excluding RVOT epicardial zone) 

o Septal depolarization = q/r wave  

o Ventricular depolarization reflected as R/S 

wave over the rest of the cardiac leads.  

 

 RVOT epicardium behaves as a separate structural 

and functional unit 

o Epicardial repolarization causes coved-type ST 

segment elevation ( due to high transmural voltage 

gradient ) 

          The ST segment elevation is straightway added to the    

           preceding S wave 

o The marked conduction delay causes widening and 

coving of ST segment, as well  

o With the diminution of transmural voltage gradient 

the ST segment touches the baseline and is 

immediately followed by T wave.   

o The last phase of repolarization starts from 

endocardium rather than from epicardium, so T-wave 

gets inverted pointing below the base line. 

 

RVOT 

Epicardium  
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Type 1 

Fig. 1.6 

Fig. 1.4 

Fig. 1.5 

Ca 



ICa2+ 

IKr 

IKs 

IKi 

: Reduced influx of calcium during the plateau phase 

of the action potential leading to shortening of the QT 

interval 

 
: Increased potassium efflux during various stages of 

the action potential leading to more rapid ventricular 

repolarisation with shortening of the QT interval and 

taller - narrower T wave 

Early repolarization 

syndrome (ERS) 

 

In ERS the ionic channels alteration are diffused rather than 

to RVOT as in Brugada syndrome. 

 The ion channels alteration (marked over epicardium) 

  Ito , IK-ATP. 

Ito :  Accentuation of epicardial notch. 

Ik-ATP (energy-sparing system) :  earlier enhanced 

opening of Ik-ATP channels with the shortening of 

action potenial duration (APD) – a remarkable (40-

70%) abbreviation of the epicardial action potential). 

  INa , ICa  
Shortening of the height of  AP with the loss of the 

plateau pattern 

 

 These changes in ion channels cause the dome pattern 

failure over epicardium to develop  with homogeneity  

when the outward currents (principle Ito) overtake the 

inward current (Ica) . 

 

 Accentuation of the epicardial action potential notch 

with the loss of action potential dome can appear on 

ECG as an accentuated J-point with concave ST segment 

elevation. 

 

Congenital Long QT 

 

LQT1 

 

 

 

 

 

LQT2 

 

 

 

 

 

LQT3 

 

 

 

 

Short QTc syndrome 

 

 

 

 

 

 

 

 

 

 

 

 

 

A loss of function mutation in the KCNQ1 gene           ↓slow 

activating potassium channel responsible for the IKs 

current.              An early-onset broad-based T 

 

A loss of function mutation in the KCNH2 gene            

↓slow activating potassium channel responsible for the IKr 

current.              Low amplitude and bifid T 

 

A gain of function mutation in the SCN5A               ↑Inflow 

of the late Na+ current during the plateau phase                

Long isoelectric ST segment with a late appearing T wave  
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Fig. 1.7 

Fig. 1.8 

Fig. 1.9 



 

 

Catecholaminergic 

Polymorphic Ventricular 

tachycardia (CPVT) 

 

 

 

 

 

 

 

 Resting ECG is usally normal 

 Exercise/acute emotional upset induced adrenergic 

response (release of catecholamines such as adrenaline) 

→ increased Ca2+ concentration within the interior of 

cardiac myocytes → the uncontrolled calcium sparks 

can make its way out through the cell membrane via 

sodium-calcium exchanger resulting in an electrical 

current known as delayed afterdepolarization which 

might lead to premature ventricular complexes (PVC) or 

sustained ventricular arrhythmias , at times bidirectional 

VT. 

Short-coupled variant of 

Torsade de Pointes (SCV-

TdP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) Re-entry phenomenon associated with accelerated 

Purkinje fibers repolarization (Gain in Ito function 

during repolarization) 

A selectively accelerated Purkinje fibers repolarization, 

which may lead to strong repolarization gradient, with 

the adjacent ventricular myocytes, creating 

electrophysiological substrate for re-entry. Thus, the 

uncoupled myocardial Purkinje cells have a shorter 

action potential duration facilitating the re-entry with 

short-coupled PVC (the retrograde conduction from 

myocytes to the Purkinje fibers and vice-versa is 

responsible for re-entry) 

 

(2) Triggered activities following early 

afterdepolarization 
The possible mechanism of early afterdepolarization 

might be operating through sodium-calcium exchanger 

mechanism which comes in action when a mutant 

ryanodine receptor is not able to uptake calcium ions 

entering the myocytes through L-type channels and so 

the pool of calcium ions is diverted towards the 

exchanger mechanism. The intracellular entry of sodium 

ions initiate the early afterdepolarization  

 

Mechanical  Stretch  Theory   

The susceptibility of RV MB (right ventricular 

moderator band) at free wall junction to generate short-

coupled PVCs is considered to be related to mechanical 

stress of MB during early diastole mechanoelectric 

phase. 

 

Autonomic Nervous System  

In some cases the run of ventricular arrhythmias has 

been recorded to be preceded by a dynamic acceleration 

over a few beats, possibly attributed to vagally deprived 

effect.  
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Fig. 2.0 

Fig. 2.1 

Fig. 2.2 

Selectively accelerated Purkinje fibers with shortened action 

potential duration facilitating with short-coupled PVC 

Network of Purkinje 

fibers 

Reentry phenomenon Myocardial Action Potential 

Purkinje action potential 

Early Afterdepolarization (EAD) triggered activities 

Network of Purkinje 

fibers 

Purkinje-myocardial junctional 

Geometry Model 

EAD triggered 

activities 

Ca2+ 3Na+ 



 

The role of transmural dispersion of repolarization in channelopathy 
– mediated arrhythmias     

There is an amplification of Transmural Dispersion of Repolarization (TDR) in 

channelopathies which is responsible for the evolution of Polymorphic VT when TDR 

reaches the threshold for reentry. It is worthwhile to mention here that the threshold for 

reentry decreases as Action Potential Duration and refractoriness are reduced , thus creating a 

shorter pathway for reentry. Dispersion of repolarization and refractoriness serves as 

substrate for reentry by inducing unidirectional block. Amplification of TDR is independent 

of QT interval as illustrated by the following sketch :    

 

 

 

 

 

 

ECG findings 

associated with 

SCV-TdP 

 

 

 

 

 

 

 

 

 

 

 

 

The intermittent presence of isolated or repetitive short-

coupled PVCs (<350 ms) with  normal QT interval ± 

potentially lethal ventricular arrhythmias – polymorphic 

ventricular tachcycardia or Torsade de pointes (TdP) 

including ventricular fibrillation , all with an unusually 

short-coupling interval to start with. The pattern in a 

single lead may be suggestive and even sufficient to 

make the diagnosis, although its absence in a single lead 

does not exclude its presence. (TdP is defined as a 

polymorphic VT > 3 beats with a QRS axis twisting 

around the baseline) 
 

 

 

 

 

 

 

 

 

 

Idiopathic 

ventricular 

fibrillation 

 

As per recent data , it arises as PVC coming from right 

ventricular outflow tract or left ventricular Purkinje fibers. 

The previous one is having LBBB morphology with inferior 

axis on ECG. The Purkinje fibers VF is having variable ECG 

patterns depending on the site of its origin from the left 

ventricle.  

SCI-QRS + run of VTs 

(PVT, TdP or VF) 

SCI = Short Coupled 

Interval  

VTs = Ventricular 

Tachyarrhythmias 

PVT = Polymorphic 

Ventricular Tachycardia 

TdP = Torsade de Pointes 

VF = Ventricular fibrillation 

| 7 

Long  
QT 

Short  
QT 

Unchanged or 
abbreviated QT 
    (BrS, ERS) 

TDR Threshold         
for reentry 

PVT  
(TdP with long QT) 

Fig. 2.3 

Fig. 2.4 



Conclusion  

Cardiac channelopathies are assuming a very important cause of arrhythmia-related cardiac 

events. These also amount to sudden cardiac death. There has been a tremendous growth in 

the field of genetics to reveal its true nature with the risk stratification and management as 

well. The genetic testing is still not available throughout across the globe. The scientists are 

still engaged in exploring the understanding of cardiac channelopathies so that its diagnosis 

and management can be set in even without gene testing. It becomes very important to pursue 

the basic concept of cardiac channelopathies so that the cases might be referred to the 

appropriate places for the confirmation of diagnosis and its management.  

Further reading suggested  

1. Cardiac channelopathies authored by K.K. Narayanan Namboodiri  

LeoSchamroth and Introduction to Electrocardiography , P 199-207 

 

2. An update on Chanellopathies | Circulation ,  

Author – Gregory Webster & Charles I Berul  

https://www.ahajournals.org/doi/full/10.1161/circulationaha.111.060343 

 

3. Cardiac Channelopathies 

Author – L. Brent Mitchell, MD, Libin Cardiovascular Institute of Alberta, 

University of Calgary 

https://www.msdmanuals.com/en-in/home/heart-and-blood-vessel-

disorders/abnormal-heart-rhythms/cardiac-channelopathies 

 

4. Inherited arrhythmias : The cardiac channelopathies  

Shashank P Behere1, Steven N Weindling2 

1.  Department of Pediatrics, Dartmouth Hitchcock Medical Center, Lebanon,  

     New Hampshire, USA 

2.  Department of Pediatric Cardiology, Dartmouth Hitchcock Medical Center,  

     Lebanon, New Hampshire, USA 

https://www.annalspc.com/article.asp?issn=0974-

2069;year=2015;volume=8;issue=3;spage=210;epage=220;aulast=Behere 

5. Endocardial versus epicardial differences in L-type calcium current in canine 

ventricular myocytes studied by action potential voltage clamp by Tamas 

Banyasz et al,  

https://doi.org/10.1016/S0008-6363(02)00853-2 
 

6. Short-coupled ventricular fibrillation represents a distinct phenotype among 

latent causes of unexplained cardiac arrest : a report from CASPER registry  

ESC – European Heart Journal (2021) , 42,2827-2838 

doi :10.1093/euheartj/ehab275 

Author : Christian Steinberg et.al.  
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BRUGADA SYNDROME : BRs 

ELECTROPHYSIOLOGICAL 

PERSPECTIVE 
 



 

 

 

 

Introduction 

Brugada Syndrome 

(BrS) 

 

 

 

 

 

 

 

 

 

 

 

 
Biostatistics 

 

 

 

 

 

 

 

 
The difference in between 

“ENDO and EPI-Action 

Potentials’  

(in normal population) 

 

 

 

 

 

 

 

Anatomical-cum-ionic 

defects over RVOT in 

Brugada syndrome 

 

 

 

 

 

 First revealed in 1992 by Brugada Brothers 

 

 A major electrophysiological entity causing sudden cardiac death 

(SCD), syncope and ventricular tachyarrhythmias in young 

population with no structural heart disease 

 

 A genetically determined ionic derangement (mostly with 

SCN5A mutations) with some anatomical defects over right 

ventricular outflow tracts (RVOT) 

 

 High degree of transmural voltage gradient with ± ventricular 

tachyarrhythmias  

 

 Highly prevalent in Southeast Asian ethnic group   

 

 8 to 10 times more prominent in males compared to females  

 

 The highest occurrence of SCD under 40 years in males  

 Sudden unexplained nocturnal death  

 BrS is consistent with an autosomal dominant inheritance having 

variable expression  

 

o Endocardial Cellular Potential without notch pattern (dome) 

having little or no expression of Ito channels 

 

o The epicardial cellular potential with spike-and-dome pattern 

having the pool of Ito channels  

 

o EPI cells do have a remarkable functional pool of Ca2+ channels 

to be activated while ENDO cells do not.  

 

 

 

 Anatomical defects :  Marked conduction delay with remnants of  

embryonic RVOT, reduced gap junction and other changes like 

dilatation of RVOT, localized inflammation with fibrosis 

 

 

 

Synopsis 
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BRUGADA SYNDROME : BrS 

ELECTROPHYSIOLOGICAL PERSPECTIVE 

ECG 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ventricular mass is 

dichotomized into two 

structural and functional 

units  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

A diagnostic approach based 

on ECG criteria  

 

 

 

 

 

 

 

 

 

 

 

 Ionic changes over RVOT epicardium :  
   INa ( INaV 1.5),    Ito ,     Ica  

Reduced INa channels have a prominent role in depolarizing 

current leading to conduction delay over RVOT epicardium  

When the Ito is prominent as in RVOT epicardium, it results in  

more negative notch potential making ICa  channels to be less 

activated 

These changes may differ from one individual to another and ± in 

the same individual from time to time    

Abbreviated Epicardial Action Potential showing a marked notch  

with transmural voltage gradient; these changes over dome 

shaped AP/non-dome shaped AP may result in phase 2 reentry 

ventricular arrhythmias     

 

 

The normal ventricular mass producing ECG changes 

(excluding RVOT epicardial zone) 

 Septal depolarization = q/r wave  

 Ventricular depolarization reflected as R/S wave  over  

the rest of the cardiac leads.  

 

RVOT epicardium behaves as a separate structural and 

functional unit 

 Epicardial repolarization causes coved-type ST segment 

elevation ( due to high transmural voltage gradient ) 

The ST segment elevation is straightway added to the 

preceding S wave 

 The marked conduction delay causes widening and 

coving of ST segment, as well  

 With the diminution of transmural voltage gradient the 

ST segment touches the baseline and is immediately 

followed by T wave. 

 The last phase of repolarization starts from endocardium 

rather than from epicardium, so T-wave gets inverted 

pointing below the base line. 

 
 

 Type 1 : 

Coved-ST segment elevation > 2mm > 1 of  V1-V3 followed  by 

a negative T-wave ( Brugada sign - only significant diagnostic 

ECG abnormality) with one of the following clinical criteria :       

 Documented  VF or polymorphic ventricular tachycardia 

 Family history of sudden cardiac death at < 45 years  

 Coved-type ECGs in family members  

 Inducibility of VT with programmed electrical stimulation 

 Syncope 

  Nocturnal agonal respiration      

 

 

 

Type 1 

RVOT 

Epicardium  
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Prognostic pointers on ECG 

(For details see Page 20) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Type 2 : 

Saddleback shaped ST elevation > 2mm with   

positive or  diphasic T 

 

 

 

 

 

 

 

 Type 3 : 
Having morphology of either type 1 or type 2 but with < 2mm ST 

segment elevation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type 2 

Type 3 

(1) Depolarizing current indicating Sodium channel dysfunction 

(NaV 1.5) 

 Spontaneous Type I pattern in leads other than V1-3 

 ‘aVR’ sign 

 S wave in the lateral leads (I , aVL) 

 Tzou criteria  

 Further extension of Sodium channel dysfunction to 

the conduction system at different levels.  

 First degree AV block , Atrial fibrillation (AF) , Sick 

Sinus Syndrome and even Lenegre-Lev 

disease (Idiopathic fibrosis of the cardiac conduction 

system resulting in heart block)  

 QRS duration > (attributed to HIS-Purkinje system  

dysfunctioning) 

 Fragmented QRS (attributed to accompanying fibrosis)  

 Other depolarizing abnormalities , eg. prologation of P 

wave duration.  

(2) Dispersion of repolarization  

 T wave alternans (TWA)  

 Tp-e dispersion, QTc prolongation / dispersion etc     

 QTc prolongation and QT dispersion  

(3) Overlap Brugada syndrome  

 Associated Early repolarization syndrome pattern  

 Long QT syndrome Type III 
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OUTLINE 

Introduction  

Biostatistics  

The harmonized journey of ‘Action Potential’ in between epicardium 

and endocardium IN NORMAL PERSON      

Anatomical-cum-ionic basis of Brugada syndrome 

 
Defects over RVOT epicardium-the ventricular mass is dichotomized 

into two structural and functional units 

 Normal ventricular mass 

 RVOT epicardium with underneath endocardium  behaving as a 

separate structural and functional unit 

A diagnostic approach based on ECG criteria 

Type 1, Type 2, Type 3  

The prognostic pointers of ECG patterns 

Miscellaneous findings on ECG with Brugada syndrome 

 

Concluding remark  

 

Further reading suggested  
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                   BRUGADA SYNDROME : BrS  
                   ELECTROPHYSIOLOGICAL PERSPECTIVE 
                             
 

 

‘O Heart’ thou possess the high disciplined ordeal with luminous potential flame flowing 

through on either side of thy muscular collar to keep the breath of life smiling through the 

synchronized contractile force of thouself. The Fire of thy strength resides within with the 

glory of ionic discipline. On the seat of balanced ionic chariot : the biomuscular wheels        

do not tremble in itself by the flame of arrhythmias. 

The life shines through the utterances of thy harmonised depolarizing and repolarizing 

invocating steps , mused with disciplined phraseology of thy physiology ; kindling us with 

warmth aspiration. The chariort of life moves on…….   

 

Introduction     
Brugada syndrome , first revealed in 1992 by Brugada Brothers , is a major 

electrophysiological entity causing sudden cardiac death (SCD) , syncope and ventricular 

tachyarrhythmias in young population with no structural heart disease. Here, over the right 

ventricular outflow tract (RVOT) epicardial cells there is a genetically determined ionic 

derangement associated with some anatomical defects to the extent of the loss of harmony in 

between EPI-ENDO action potentials , endangering the life by setting in of high degree of 

transmural voltage gradient which might result in ventricular tachyarrhythmias.  

By the further turning of the pages of history it was found to be first described in 1917 in the 

Philippines as Bengungut referring to sudden death in apparently healthy young males , 

occurring at night during sleep with revealing no pathological changes on autopsy as the 

cause of death. The same disease entity was nomenclatured as ‘Laitai’ (‘death during sleep’) 

in Thailand, ‘Pokkuri’ (sudden and unexcepted ceased phenomenon) death syndrome’ in 

Japan , ‘Dolyeonsa death syndrome’ in Korea , ‘Dream disease’ in Hawai or ‘Sudden 

Manhood Death Syndome’ in China . All these nomenclatures indicate the occurrence of 

death during resting or sleeping hours , suggesting a possible association with 

Bradycardia and Vagal events. These incidences point towards the occurrence of this 

unexplained nocturnal death syndrome in Southeast Asian ethnic group and it is also a fact 

that this entity is highly prevalent in this global zone.  

Biostatistics    
 Its prevalence varies from one in five thousand to one in two thousand , its incidence 

being 0.12% to 0.8% , 4% to 12% of all sudden deaths and upto 20% of sudden deaths 

in patient with structurally normal heart.  

 The age in diagnosis ranging from 2 days to 84 years. It is 8 to 10 times more 

prominent in males compared to females.  

 The incidence of SCD in young males is having the highest occurrence those under 40 

years of age. Women and elderly patients are considered to be in lower risk group.  

 In 1997, Brugada syndrome was recognized as an entity with sudden unexplained 

nocturnal death syndrome. It is well known that BrS is consistent with an autosomal 

dominant inheritance having variable expressions.  

 The first genetic alteration was identified in 1998. 
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These findings emphasize the need of establishing the diagnosis of BrS based on ECG 

findings , associated with its bioclinical features.  

The harmonized journey of ‘Action Potential’ in between epicardium 
and endocardium IN NORMAL PERSON      
The following points are to be considered here in this context so that Brugada syndrome 

might be understood with clarity of vision : 

 The inscription of depolarization versus repolarization induced ‘Action Potential’ is 

having ions based dictated journey to have a synchronized ventricular force of 

contraction without meeting with the flame of cardiac arrhythmias.   

 A known fact that depolarizing phase (phase 0) sets in with the opening of the voltage 

gated Na+ channels (NaV 1.5) allowing the influx of Na+ inside the membrane. The 

journey of depolarization follows a sequential pathway to depolarize the ventricles 

from endocardium to epicardium and from apex to the base (the genesis of QRS wave 

on ECG).  

 The returning journey of repolarization gets initiated when the depolarizing wave is 

spread over the muscular coat, the purpose being the synchronized contraction of 

myocardial cells without disturbing the iso-ionic equilibrium on either side of the 

cardiac membrane. The subsequent phases of repolarization are mentioned here :  

o Phase 1 : A short potassium efflux out of the cells through calcium-insensitive 

transient outward current (Ito) (genesis of J-point on ECG) 

o Phase 2 : Opening of the L-type (“L” stands for long lasting referring to the 

length of activation) Ca2+ channel for the exchange in between Ca2+ and K+ 

(Ikr) to bring about the myocardial contraction based upon this iso-ionic 

equilibrium (inscribes isoelectric ST segment on ECG) 

o Phase 3 : The closing of the L-type Ca2+ channels with the opening of further 

K+ channels…, IKs, IKi in succession (T-wave genesis on ECG). 

 Ultimately the cardiac membrane resumes its original polarized state (Tp segment on 

ECG) by restoring the resting state by Na+- K+ ATP pump and Na+-Ca2+ exchanger.  

 In Nutshell, ‘Cardiac Action Potential’ results with the sequential opening and closing 

of genetically determined ion channel proteins (INa, Ito , ICa, IKr, IKs ,IKi,  etc) 

The ‘Endocardial cells’ and ‘Epicardial cells’ do not show the ionic mirror 

image. The following differences in between two are observed: 

o ‘Endocardial cells’ without notch pattern (dome pattern), having little or no 

expression of Ito channels. This is to be mentioned here that ‘Endocardial 

cells’ is concerned mainly with the depolarization of the ventricles.  

o The ‘Epicardial cells’ exhibits spike-and-dome pattern brought about by the 

pool of Ito ion channels to initiate the subsequent phases of repolarization. 

o In the experiment in canine myocytes no sustained component of L-type Ca2+ 

channel was observed in ENDO cells, while with EPI cells a somewhat deeper 

and longer notch was associated with a larger population of Ca2+ channels. 

The notch is practically absent in ENDO cells, i.e. the major difference 

between the EPI and ENDO cells is that EPI cells do have a remarkable 

functional pool of Ca2+ channel to be activated while ENDO cells do not. 

(Ref :Endocardial versus epicardial differences in L-type calcium current in 

canine ventricular myocytes studied by action potential voltage clamp by 

Tamas Banyasz et al,  https:// doi.org/10.1016/S0008-6363 (02) 00853-2) 
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o The duration of ‘Endocardial Cellular Potential’ is longer compared to 

‘Epicardial Cellular Potential’ which is comparatively shorter. Therefore, 

epicardial cells are repolarized earlier than endocardial cells having T-wave 

cell genesis in the positive direction as that of QRS complex.  

 

  

 

 

 

 As shown in above figure 1.1, there seems to be a crossing-intersection in between 

endocardial and epicardial cellular potentials but it is a continuous uninterrupted 

journey across the muscular coat and therefore, the combined ionic arrangement of 

different ion channels can be summarized by a single sketch of cardiac action 

potential , as illustrated below : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Important steps in excitation-contraction coupling  : IN NORMAL PERSON 

Fig. 1.1 

Fig. 1.2 
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Ca2+ ATP Pump 

(NaV 1.5) 
INa 

Ito 
ICa2+ 

IKr 
IKs 

IKi 



 This entry of Ca++ triggers more Ca++ release from sarcoplasmic reticulum through 

special channel – (ryanodine receptors) – (RyR) 

 With this further released of Ca++ ions there is increase in intracellular 

concentration of Ca2+ 

 Actin and myosin bind, the thick and thin filaments slide over each other with the 

help of Ca2+ and the myocardial cell contracts 

 Ultimately the cardiac relaxation occurs when Ca++ is reaccumulated by the 

sarcoplasmic reticulum by an active Srcoendoplasmic reticulum calcium 

ATPase(SERCA). 

 Though the Endo-and-Epi-Potentials belong to two spatial dimensional planes but 

these changes are recorded in continuity as a mono dimensional state on ECG.  

 

Anatomical-cum-ionic basis of Brugada syndrome     
There are certain anatomical-cum-ionic defects over Right Ventricular Outflow Tract 

(RVOT) Epicardial zone in Brugada syndrome , as illustrated with the following sketch :  
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RVOT Epicardium with some 

Anatomical Defects  

 marked conduction delay, 

possibly due to the presence of 

remnants of embryonic RVOT 

having a slow conduction 

velocity  

 reduced gap junction 

expression  

 other abnormalities, including 

dilatation of RVOT and 

localized inflammation with 

fibrosis.  
 

RVOT epicardium with ionic derangement : 

 BrS is a genetic disorder mostly with SCN5A mutations  assoiated with Na                            

(NaV 1.5) channelopathy.  

 Ionic alteration  INa (INaV 1.5)  Ito  ICa  

Reduced INa channels have a prominent role in depolarizing current with conduction delay over 

RVOT epicardium.  

When the Ito is prominent as in RVOT epicardium , it results in more negative notch potential 

making ICa channels to be less activated.  

 These changes may differ from one individual to another and + in the same individual  

from time to time (possibly due to vagal tone variability). 

 Abbreviated epicardial action potential showing a marked notch with transmural voltage 

gradient; these changes over dome shaped AP/non-dome shaped AP may result in phase 

2 reentry ventricular arrhythmias.   

Fig. 1.3 

RVOT 
Epicardium 



The ionic imbalance in between ENDO-and-EPI cells brings the alteration in their patterns 

with transmural voltage gradient across them, as illustrated with the following sketch  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Defects over RVOT Epicardial zone – the ventricular mass is 
dichotomized into two structural and functional units 

The ventricular mass is dichotomized into two structural and functional units , such as : 

 The normal ventricular mass (excluding RVOT epicardial zone).  

 RVOT epicardium with underneath endocardium behaves as a separate structural and 

functional unit.  

The concept of this structural and functional dichotomized unit is essential to understand the 

concept of Brugada syndrome on ECG. The whole scheme is summarized in the following 

table : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A Diagnostic approach based on ECG criteria  
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The ventricular mass is dichotomized into two structural and functional units : 

 The normal ventricular mass producing  ECG changes (excluding RVOT epicardial 

zone) 

 Septal depolarization = q/r wave 

 Ventricular depolarization reflected  as R/S wave over the rest of the cardiac 

leads. 

 

 RVOT epicardium with underneath endocardium behaves as a separate structural 

and functional unit 

 Epicardial repolarization over this segment causes coved-type ST segment 

elevation (due to high resultant transmural voltage gradient).  

This ST segment elevation is straightway added to the preceding S-wave.  

                  The marked conduction delay causes widening of ST segment, as   

                  well .  

 The last phase of repolarization starts from endocardium rather than from 

epicardium, so T-wave  gets inverted pointing below the baseline. This 

happens so due to reduced conduction velocity across the epicardium and 

finally this inverted T-wave is conjointed with the preceding coved-type 

elevated ST segment without any gap. 

Fig. 1.4 



In view of the variable nature of its clinical presentation with variable findings on ECG , a 

diagnostic criteria for Brugada syndrome had been laid down by Professional experts, as 

below : 

 Type 1  

o Coved-ST segment elevation > 2 mm > 1 of V1-3 followed by a negative           

T-wave.  

o This is the only significant ECG abnormality for diagnostic purpose  

o This group of findings is often referred to as ‘Brugada sign’.  

 

 

 

 

 

 

 

This ECG pattern must have one of the following clinical criteria to establish the 

diagnosis : 

 

 Documented ventricular fibrillation or polymorphic ventricular tachycardia  

 Family history of sudden cardiac death (SCD) at <45 years of age 

 Coved – type ECGs in family members 

 Inducibility of VT with programmed electrical stimulation 

 Syncope 

 Nocturnal agonal respiration 

 

   Type 2 

o Saddleback shaped ST elevation > 2mm 

o Positive or biphasic T wave 
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Type 1 

Type 2 

Fig. 1.5 

Fig. 1.6 



ST segment elevation > 2mm indicates the accompanying transmural voltage gradient 

across the epicardium and endocardium during repolarization. The pattern of T-wave 

points towards the flow of current in the usual way from epicardium to endocardium. 

This happen so due to less reduced conduction velocity across the epicardium and 

finally this +ve T-wave is conjointed with the preceeding ST segment to give the 

impression of saddle shaped elevation of ST segment.  

 

   Type 3 

o Having morphology of either Type 1 or Type 2 but with < 2mm of ST 

segment elevation.  

 

 

 

 

 

 

 

ST segment elevation < 2mm indicates less quantum of transmural voltage gradient , 

as compared to the previous types on ECG. 

 
Type 1 ECG pattern is the only ECG abnormality that is potentially diagnostic in the 

presence of one of the clinical criteria , as mentioned earlier. By placing the chest electrodes 

over the right precordial 2nd and 3rd intercostal spaces enhances the sensitivity for 

detecting coved-ST segment elevation of the Type 1 Brugada pattern.  

The other two types of Brugada  are non-diagnostic and possibly warrant further investigation 

to be done.  

To Be Noted : Pharmacological assessment has been suggested by some experts in Type 

2 / Type 3 ECG patterns, if  BrS is having a clinical suspicion. The challenging test with 

sodium channel blocking drugs may convert these non-diagnostic forms into the diagnostic 

Type 1. The evidence shows that this drug induced subgroup is having extremely low with no 

increased mortality when a comparison is made with the normal population. 

(The sodium channel blocker drugs create an extra conduction delay over the right ventricular 

outflow tract and also over the underneath endocardium, termed as  Depolarization Theory. 

And induce more transmural gradient by abbreviating AP - Repolarization Theory :  both 

phenomena may convert suspected ECG into Type 1 ECG pattern). Continuous monitoring 

should be continued until the ECG reverts to the baseline situation (i.e., no persistent type1 

pattern or QRS widening >130% is seen). 
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Type 3 

Fig. 1.7 



Prognositic pointers on ECG 
These prognostic pointers are summarized by the following table :  

Prognostic Pointers on ECG 

(1) Depolarizing current indicating Sodium channel dysfunction (NaV 1.5) 

 Spontaneous Type I pattern in leads other than V1-3 

 ‘aVR’ sign 

 S wave in the lateral leads (I , aVL) 

 Tzou criteria  

 Further extension of Sodium channel dysfunction to the conduction system at 

different levels.  

 First degree AV block , Atrial fibrillation (AF) , Sick Sinus Syndrome 

and    even Lenegre's - Lev's disease (Idiopathic fibrosis of the cardiac 

conduction system resulting heart block)  

 QRS duration > (attributed to HIS-Purkinje system dysfunctioning) 

 Fragmented QRS (attributed to accompanying fibrosis)  

 Other depolarizing abnormalities , eg. prologation of P wave duration.  

(2) Dispersion of repolarization  

 T wave alternans (TWA)  

 Tp-e dispersion, QTc prolongatiojn / dispersion etc     

 QTc prolongation and QT dispersion  

(3) Overlap Brugada syndrome  

 Associated Early repolarization syndrome pattern  

 Long QT syndrome Type III 

 

(1) Depolarizing current indicating Sodium channel dysfunction (NaV 1.5) 

 Spontaneous Type I pattern in leads other than V1-3  

A spontaneous Type I ECG pattern over the right precoridal lead is the only 

ECG sign with a clearly established fact leading to arrhythmias.  

Such a Brugada pattern at times found in leads other than the right precordial , 

eg. in the peripheral lead might be the expression of a higher degree of 

SCN5A channel dysfunction.  

 ‘aVR’ sign 

A significant ‘aVR’ sign on R wave > 0.3 mV or R/q ratio > 0.75 in the aVR 

lead. 

 S wave in the lateral leads (I, aVL) 

Lead I and aVL are supplementary to aVR in the expression of RVOT 

depolarization. Delayed depolarization in these leads would result in a deep S 

wave. The presence of deep S wave in these lateral leads is caused by the same 

process as underlying a high R wave in aVR , possibly reflecting more zonal 

conduction block in the RVOT.  

 Tzou criteria  

This is defined as V1R > 0.15 mV , V6S >0.15 mV and V6S/R > 0.2 mV, 

have been claimed to be predictive of ventricular arrhythmias in patient with 

BrS. It might be related to more zonal conduction block in the RVOT.  
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The incidence as discussed above has been illustrated by the following sketch : 

 

 

 

 

 

 

 

 

 

 

 

 Further extension of Sodium channel dysfunction to the conduction 

system at different levels  

 First degree AV block – This is a consequence of the strong 

association between SCN5A gene mutation and sodium channel 

dysfunction.  

Atrial fibrillation – The association with spontaneous AF indicates a 

more aggressive phenotype of Brugada S , signalling the extension of 

sodium channel dysfunctioning into the atrial myocardium as well. 

Supraventricular arrhythmias may co-exist in nearly 20% of patients 

with BrS. Atrial fibrillation is a most commonly encountered atrial 

arrhythmias (10-20%). 

 QRS duration – The prolong QRS attributed to HIS-Purkinje system 

dysfunctioning is found to be a strong correlation, supposed to be 

having a higher rate of myocardial inflammation in RVOT zone.  

 Fragmented QRS (attributed to accompanying fibrosis) 

The presence of fragmented QRS is associated with increased risk of 

arrhythmic incidences in several conducted studies. f-QRS is an independent 

predictor of arrhythmic events : 9 times higher risk for spontaneous VF. 

Fragmented QRS is defined as an abnormal fragmentation within the QRS 

complex characterized by the presence of multiple notching of R and S waves 

or the presence of more than one R’ wave. This finding on ECG indicates 

towards the presence of myocardial fibrosis.  

(2) Dispersion of repolarization  

 T wave alternans (TWA)  

Whether TWA is an indicator for arrhythmias in BrS remains controversial. 

The recent study shows increased TWA at night most frequently among 

Brugada patients with history of Cardiac arrest. This is to be mentioned here 

that the only definite independent predictors of VF are said to be (1) a history 

of spontaneous VF and (2) increased nocturnal TWA.   

 Tp-e dispersion, QTc prolongation / dispersion etc  are also the pointers 

towards malignant arrhythmias   
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Fig. 1.8 



(3) Overlap Brugada syndrome such as early repolarization syndrome  
The association of Type 1 Brugada on ECG with early repolarization pattern in 

inferolateral leads having a clinical significance. ER pattern in inferolateral leads is 

common in BrS and is associated with 4-fold increased VF.  

 

 This is also wiser to mention here that ECG changes can be transient or also be 

unmasked / augmented by so many factors including fever , ischemia , multiple drugs 

(sodium channel blockers, calcium channel blockers, alpha agonists, Beta Blockers , 

nitrates , cholinergic stimulation) , Cocaine , alcohol , hyperkaleamia,  hypothermia , 

Post DC cardioversion. Such patterns in medical conditions without true BrS is called 

‘Brugada Phenocopy’ (BrP). 

 

Concluding remark 
The diagnosis of Brugada syndrome remains a clinical challenge to the clinician. This is a 

major electrophysiological entity causing sudden cardiac death (SCD), syncope and 

ventricular tachyarrhythmias in young population with no structural heart disease. A 

particular ECG pattern Type 1 (Brugada sign) is the only having significant diagnostic value 

in the presence of at least one of the clinical criteria , as mentioned earlier. The other two 

types of Brugada are non-diagnositc and possibly warrant further investigation. The patient 

may meet with ventricular arrhythmias by reflecting phase 2 reentry phenomena. This 

syndrome may have incomplete penetrance and variable expressibility. The dynamic 

variability of the ECG patterns may occur in this entity.  

 

Further reading suggested  
1. LeoSchamroth An Introduction to Electrocardiography (Eighth Adapted Edition) , 

Cardiac Chanellopathies , P 200-201 

2. Marriot’s Practical Electrocardiography (South Asian 12th Edition) The Brugada 

Syndrome , P 173-174 

3. Brugada Syndrome  

Author : Jose M Dizon , MD; Chief Editor: Mikhael F El-Chami, MD 

https://emedicine.medscape.com/article/163751-overview 

4. Brugada syndrome : MedinePlus Genetics  

https://medlineplus.gov/genetics/condition/brugada-syndrome/ 

5. Brugada Syndrome • LITFL • ECG Library Diagnosis (07-Feb-2021) 

https://litfl.com/brugada-syndrome-ecg-library/ 

6. Brugada Syndrome – ECGpedia  

https://en.ecgpedia.org/wiki/Brugada_Syndrome  

7. Brugada Syndrome  

Author : Yuka Mizusawa and MD Arthur A.M. WildeMD, PhD from the Heart 

Failure Reasearch Centre, Department of Clinical and Experimental Cardiology , 

Academic Medical Center, Amsterdam , The Netherlands  

Originally published 1 Jun 2012 | https://doi.org/10.1161/CIRCEP.111.964577| 

Circulation : Arrhythmia and Electrophysiology 2012;5:606-616 
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8. Present Status of Brugada Syndrome : JACC State-of-the-Art Review  

Author : Josep Brugada MD, PhD et al 

Journal of the American College of Cardiology 

Volume 72, Issue 9, 28 August 2018, Pages 1046-1059 

https://www.jacc.org/doi/abs/10.1016/j.jacc.2018.06.037 

9. Brugada Syndrome : a review of the literature  

Author : Azeem S Sheikh and Kula Ranjan 

Clinical Meidcine 2014 Vol 14, No – 5 : 482-9 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4951955/#:~:text=anterior%20precor

dial%20leads.,Patients%20with%20Brugada%20syndrome%20are%20prone%20to%

20develop%20ventricular%20tachyarrhythmias,known%20to%20cause%20Brugada

%20syndrome. 

10. Endocardial versus epicardial differences in L-type calcium current in canine 

ventricular myocytes studied by action potential voltage clamp by Tamas Banyasz et 

al,  https:// doi.org/10.1016/S0008-6363 (02) 00853-2) 

11. Standard ECG in Brugada Syndrome as a Marker of Prognosis : From Risk 

Stratification to Pathophysiological Insights 

Journal of the Americal Heart Association 

Author : Francesco Vitali, MD et al 

https://www.ahajournals.org/doi/epub/10.1161/JAHA.121.020767 
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EARLY REPOLARIZATION 
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A bird’s eye view 

over the normal 

‘Cardiac Action 

Potential’ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanism involved 

in ERS 

 

 

 

 

 

 

 

 

 Early repolarization syndrome is an electrocardiographic entity –

characterized by J-point elevation revealed either as terminal 

QRS slurring or notching as a positive deflection, associated with 

concave – upwards ST segment elevation and prominent T-waves 

in at least two contiguous leads



 In year 2008, Haissguerre et al and Nam et al described a strong 

relationship between J-waves and the different varieties of 

ventricular arrhythmias in the absence of known structural heart 

disease 



 ERS pattern in 1% upto 13% of the overall population, commonly 

seen in athletes and in young males



 ‘Cardiac Action Potential’ results from the sequential opening 

and closing of genetically determined ion channel proteins (Ito, 

Ica, Ikr, Iks, Iki, etc)



 The Epicardial Action Potential exhibits spike-and-dome pattern, 

brought about by Ito ion channels 

 

 Endocardial Action Potential without notch pattern, having little 

or no expression of Ito channels  

 

 Ica ion channels with Ikr channels responsible for the plateau  

phase of the action potential   

 

 

 

 

 

 

 

 

 

 The ion channels alteration (marked over epicardium) 

 

  Ito , IK-ATP (accentuation of epicardial notch responsible for 

non-dome action potential pattern) 

  INa , ICa (loss of the plateau pattern with shortening of the height 

of  AP) 

 

 

 

SYNOPSIS 
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EARLY REPOLARIZATION SYNDROME - ERS 

ECG 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arrhythmogenicity: 

Phase 2 reentry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Points in favor of 

malignant ERS 

 

 

 

 

 

 

 

 

 

 

Clinical profile  

 

 

 

 

 

 

 These changes in ion channels cause the dome pattern failure over 

epicardium to develop when the outward currents (principle Ito) 

overtake the inward current (Ica) , resulting in a remarkable (40-

70%) abbreviation of the epicardial action potential. 

 

 

 

 Accentuation of the epicardial action potential notch with the loss 

of action potential dome can appear on ECG as an accentuated     

J-point with concave ST segment elevation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

o The magnitude of J point elevation > 0.2mV 

 

o The ST segment with horizontal or downward displacement 

  

o ECG changes in inferior and inferolateral leads/globally in all the 

leads associated with malignant variant 

 

o In older individuals ECG changes suggestive of ischemic heart 

disease - modifiable risk factors should be addressed 

 

 

(i) High risk patients with syncope and survivors of cardiac arrest 

(almost 10 fold increase risk of syncope in this group of the 

patient) – very rare  

 

(ii) Asymptomatic cases : less likely to have adverse cardiac events 

 

 

Phase 2 reentry comes in action when the electrical impulse 

propagates from sites of normal dome action potential to the 

site of transmural dispersion of repolarization of AP without 

dome, causing abnormal reexcitation. The existence of such  

nonhomogeneous APs with different morphologies is considered 

to be sufficient for local reexcitation with the development of 

phase 2 reentry leading to ventricular arrhythmias 

 

VF 

The absolute risk of  sudden cardiac death in individuals with 

ERS is estimated to be small (0.07%) 
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A Diagnostic 

approach 

 

 

 

 

 

 

 

 

 

 

Differential 

diagnosis 

  

 ER pattern can be diagnosed in the presence of J-point elevation 

≥ 1 mm in ≥ 2 contiguous inferior and/or lateral leads of a 

standard 12-lead ECG. 

 

 The above mentioned findings on 12-lead ECG in a patient 

resuscitated from otherwise unexplained VF/polymorphic VT 

 

 ER syndrome can be diagnosed in an SCD victim with a negative  

autopsy and medical chart review with a previous ECG 

demonstrating J-point elevation ≥ 1 mm in ≥ 2 contiguous 

inferior and/or lateral leads of a standard 12-lead ECG 

 

     Wide spread ST elevation in ERS may mimic acute pericarditis or 

acute MI which needs to be differentiated  

OUTLINE  

Introduction  

A bird’s eye view over the normal ‘Cardiac Action Potential’ 

Mechanism involved in ERS   

Arrhythmogenicity: Phase 2 reentry 

Points in favour of malignant ERS 

Clinical profile 

A diagnostic approach 

Differential diagnosis 
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EARLY REPOLARIZATION SYNDROME - ERS 
                             
 

 

Action potential illuminates the cardiac life to enjoy its gallop, the heart shining with thy 

light catches the tunes of life. O Heart thy masterly steps are unhalting and smooth , so 

organised to conquer any interference on the path. There are organised gated-channels 

through which thou are aspirated to transfer thy far-spreading gallop-energy to the heart. 

Sometimes , the smoky architecture of the gated-channels might alter the normal pathway : 

thy echo cast gets altered through the mirror of 12-lead ECG.  

 

Introduction     
Early repolarization syndrome is an electrocardiographic entity, casting the image of ‘Cardiac 

Action Potential’ being generated with a large voltage-gradient across the epicardium and 

endocardium, which lifts up J-point, might be to the extent of dispersion in transmural 

ventricular repolarization to pave the pathway for the new intruder ventricular extrasystole to 

disturb the life by the initiation of ventricular arrhythmias. The greater is the transmural 

voltage gradient , the greater would be the lifting of J-point with ST elevation.  

The J point elevation presenting as either notching or slurring at the distal end of the QRS 

complex was first recognised and described in 1936 by Shilpey et al and was considered a 

normal ECG variant. As years passed in the pages of history a very useful fact was visioned 

in 2000 by Kalla et al and Takagi. They noticed ventricular fibrillation in patients with 

prominent J-wave and ST segment elevation in inferior leads without structural heart disease 

and concluded with a postulation that idiopathic VF with an ER pattern in inferior leads may 

represent a variant of a Brugada syndrome. In year 2008, Haissaguerre et al and Nam et al 

described a strong relationship between J waves and different varieties of ventricular 

arrhythmias in the absence of known structural heart disease.  

Now, it is thought that an increased dispersion of repolarization by a disproponate 

abbreviation of epicardial action potential compared to the endocardium is the main culprit. 

Further studies showed a correlation of early repolarization and sudden death mainly in 

Caucasian and Asian with less involvement in African or American individuals. Here it is to 

be noted that the absolute risk of sudden cardiac death in individuals with ERS is estimated to 

be small (0.07%).  

ERS pattern can be observed in 1% upto 13% of the overall population. This is commonly 

seen in athletes , the persons using cocaine and usually in young males, specially those who 

are predisposed to Vagotonia.  

With the foregoing discussion with the background of ‘Historical Perspective’ it would be 

reasonable here to discuss the following points : 

 The mechanism involved in J-point with ST elevation in early repolarization 

syndrome  

 The de facto discussion in the favour of ‘Killer ERS’ pattern what is known as 

malignant variant so that proper preventive and therapeutic steps might be enforced 

into action.  

In this context , this become essential to discuss various issues concerned with early 

repolarization syndrome.  
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A bird’s eye view over the ‘Cardiac Action Potential’ in a normal 
person 
There is a synchronised friendly touch in between epicardium and endocardium while the 

‘Cardiac Action Potential’ is making a smooth harmonised journey across them. This 

‘Cardiac Action Potential’ results from the sequential opening and closing of genetically 

determined ion channels proteins , enveloping the individual cardiac myocyte. There are so 

many gap junctions through which the conducted electrical impulses propagate further. 

Differences in the expression of the properties of ion channels result in heterogeneities in 

action potential waveforms at different cardiac regions. Genetically determined these ion 

channels (Ito , Ica, Ikr , Iks , Iki, etc) contribute a lot to accomplish this friendly journey of 

‘Cardiac Action Potential’ . Ventricular Action Potentials (APs) have a remarkable 

morphological variation. The epicardial cardio myocytes exhibit spike-and-dome APs with a 

characteristic notch due to rapid early partial repolarization , brought about by Ito ion 

channels. Endocardial myocytes are lacking such pattern of notch due to the less quantum of 

Ito ,having little or no expression in endocardial cells while epicardial myocytes are having a 

prominent Ito expression. Ica ion channel with Ikr potassium channels are responsible for the 

plateau phase of the action potential. The entire map of propagation of action potential across 

the transmural cardiomyocytes is well organized to be spread rapidly and uniformly, 

inscribing normal electrical waves and isoelectric lines on 12-lead ECG 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Mechanism involved in ERS   
The mutations in genes encoding defective ionic channel proteins concerned with the Cardiac 

Action Potential are responsible for this ion channel disorder , the pattern of which depends 

upon the pattern of their activation or inactivation (gain or loss of functions).  
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The following points are to be considered while discussing the mechanism involved in ‘Early 

Repolarization Syndrome’ : 

 The ion channels alteration mainly marked over epicardial myocytes 

 Ito , IK-ATP  

 INa , ICa 

 Gain in Ito channel expression over epicardial myocytes : the Ito ion channels are 

mainly distributed over epicardial myocytes , as mentioned earlier. The gain of Ito ion 

channels results in speed up of early transient repolarization phase creating a more 

prominent notch over the ‘Epicardial Action Potential’. 

Gain in IK-ATP channel expression : with enhanced opening of IK-ATP channels 

results in the shortening of action potential duration (APD). This effect is much more 

prominent in the epicardium compared to the endocardium (epicardium is much rich 

in IK-ATP Channels. These channels are recognised as a energy-sparing system).  

 Ito-IK-ATP  results also in accentuation of the epicardial action potential notch 

which is responsible for non-dome action potential. 

 Loss in the expression of ICa channel results in somewhat loss of the plateau pattern 

of epicardial action potential.  

Loss in the function of INa channel results in shortening the height of the action 

potential.  

 These changes in ionic channels cause the dome pattern failure to develop when the 

outward currents (principally Ito) overtake the inward currents (chiefly ICa) , resulting 

in a remarkable (40-70%) abbreviation of the action potential.  

 Accentuation of the epicardial action potential notch with the loss of action potential 

dome can appear on the 12-lead surface ECG as an accentuated J-point with ST 

segment elevation , this represents the pronounced transmural voltage gradient.  

 

 

 

 

 

 

 

 

 

 

ECG changes  
Characterized by J-point elevation revealed either as terminal QRS slurring or notching as a 

positive deflection , associated with concave-upwards ST segment elevation and prominent 

T-waves in at least two contiguous leads.  
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Arrhythmogenicity in ERS 
The prominent J-wave and ST segment elevation on ECG with resultant transmural potential 

gradient are the main culprit in the genesis of ventricular arrhythmias , as observed in ERS. 

The greater is the voltage gradient , the greater would be the lifting up of J-point with ST 

elevation. In year 2008, Haissguree et al and Nam et al described a strong relationship 

between J waves and different varieties of ventricular arrhythmias in the absence of structural 

heart disease. The following points should be considered in this context of arrhythmogenesis : 

o Now it is thought that an increased dispersion of repolarization (transmural potential 

gradient) with the disproponate abbreviation of cardiac action potential compared to 

the endocardium is the main arrhythmogenic factor.  

o Already mentioned that there is a loss of dome pattern over the epicardial action 

potential. Loss of the action potential dome is hardly homogenous, causing a marked 

dispersion of repolarization within the epicardium. Propagation of the action 

potential dome from sites at which it is maintained to its shape to sites at which 

the dome pattern is abolished can cause local excitation of the non-dome 

epicardial action potential. This mechanism produces closely coupled 

extrasystolic beats capable of initiating ventricular arrhythmias if placed ill-

timely. It is known as phase 2 reentry – P2R because phase 2 (dome) of the action 

potential reenters to excite the myocardium. This is the way through which 

arrhythmogenesis in ERS is considered to be operated.  

The mean coupling interval with ventricular extrasystoles normally ranges 300-500 

ms. The short coupled extrasystole means the coupling interval below 300 ms. 

o Although Phase 2 reentrant beats are expected to occur relatively with a short 

coupling interval on the ECG , the initial beat is buried in the T wave of preceding 

sinus beat due to short coupling interval. Therefore, only the second beat is concerned 

with the initiation of re-entry phenomenon.  

These entire events have been illustrated by the following sketch : 
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Summary of Phase 2 reeenty (P2R) 
 

 

 

 

 

 

 

 

 

 

 

This is to be mentioned here that P2R is not the sole arrhythmogenic pathway in early 

repolarization syndrome. The dispersion in repolarization due to Ito heterogeneity in itself 

forms an arrhythmogenic substrate with an increased propensity for unidirectional conduction 

block by a closely coupled extrasystole formed by any cause. 

Points in favour of Malignant ERS 
In 1999, Gussak et al suggested that ERS may be malignant in some cases , based on 

observations that an ER pattern in artificial perfused wedge preparation can easily be 

converted to one which may give rise to polymorphic ventricular tachycardia.  

The following points should be considered while determining the malignant nature of ERS : 

1) The magnitude of J-point elevation > 0.2 mV increases the risk of malignant ERS (the 

greater is the transmural voltage gradient , the greater would be the lifting of J-point 

with ST elevation).   

2) The ST segment with a horizontal or downward displacement carries a three times 

higher risk of death concerned with ventricular arrhythmias. The change in the 

direction of ST segment might indicate steeper pattern during ventricular 

repolarization. 

3) Antzelevitch et al narrated three subtypes of ERS , highlighting a pattern of risk 

profile : 

 Type 1 : It shows ER in lateral precordial leads (I ,aVL ,V4-V6) – usually seen    

              in healthy male athletes with the lowest risk of malignant arrhythmias.  

 Type 2 : It shows ER in the inferior and inferolateral leads (II, III, aVF +       

              V5-V6) 

 Type 3 : It shows ER pattern globally in all the ECG leads , having the highest  

               risk of malignant arrhythmias and electrical storms.  
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Multiple factors are needed to generate phase 2 reentry :  

 Different morphologies of APs as dome versus non-dome AP with transmural dispersion in 

between these two   

 A set-up of close tissue coupling in between these two APs  

 The incoming electrical impulse causes stimulation to non-dome AP to excite this with the 

genesis of ventricular extrasystole with a short coupling interval (<300ms)  

 This short coupled ventricular extrasystole when ill-timed may trigger ventricular fibrillation 

( this is to mention here that short coupling interval with longer post-extrasystolic pause 

allows the non-dome resting membrane action potential to stay with somewhat more 

duration, so imparting more time to its recovery)    

 Thus, phase 2 reentry is created resulting in a run of ventricular arrhythmia  

 

AP = Action Potential 



Based on the facts described by Antzelevitch , the three subtypes of ERS may be summarized 

as follows : 

 Type 1 Type 2 Type 3 

Anatomic location  Anterolateral       

left ventricle 

Inferior left ventricle 

+ lateral leads 

Both the ventricles  

ECG Leads displaying 

the concerned changes 

I , aVL ,V4-V6 II, III, aVF + V4-V6 In all the leads 

Despite all the discussions made so far , it is worthwhile to mention that the absolute risk of 

sudden cardiac death in individual with ERS is estimated to be small (0.07%). This malignant 

variant is usually associated with older individual and there may be ECGs changes suggestive 

of Ischemic heart disease. Therefore, all concerned patients with ERS should continue to 

have modifiable risk factors to be addressed always throughout life.   

Clinical Profile  
Clinical profile can be described into two broader groups : 

I. ERS : High risk patient with syncope and survivors of cardiac arrest (almost 10 fold 

increase risk of syncope in this group of the patient) – very rare.  

II. Asymptomatic cases : Less likely to have adverse cardiac events. 

The overall diagnostic approach of early replolarization syndrome 
including cases of malignant variants as well  
The diagnosis of ERS is made on ECG as a sharp well-defined J-point , or the presence of  

slurring at the terminal point of the QRS complex (as the J-point elevation may be hidden in 

the terminal point of QRS complex). The notch or the onset of the slur should be entirely 

above the baseline. Recent studies omitted ST segment elevation from the definition of ERS, 

and share the view that the J-point changes , as mentioned before is sufficient to diagnose 

ERS. Considering all these points the following facts should be taken into consideration : 

A diagnostic approach to early repolarization syndrome 

 ER pattern can be diagnosed in the presence of J-point elevation ≥ 1 mm in ≥ 2 

contiguous inferior and/or lateral leads of a standard 12-lead ECG. 

 The above mentioned finding on 12-lead ECG in a patient resuscitated from otherwise 

unexplained VF/polymorphic VT 

 ER syndrome can be diagnosed in an SCD victim with a negative autopsy and 

medical chart review with a previous ECG demonstrating J-point elevation ≥ 1 mm in 

≥ 2 contiguous inferior and/or lateral leads of a standard 12-lead ECG 

Differential diagnosis 
Upto 10-15% cases of early repolarization syndrome may present with vague chest pain with 

characteristic ECG pattern but sometimes it may become a diagnostic challenge for a 

clinician. Wide spread ST elevation in ERS may mimic acute pericarditis or acute MI which 

needs to be differentiated by the concerned clinician.  
 
Concluding remark 
The ECG and arrhythmic manifestations of ERS are attributed to mechanism involved in gain 

or loss in ion channel expression (  Ito , IK-ATP  ,  INa , ICa). These ion channels alteration 

cause the dome pattern failure over epicardium to develop ; an outward current (principally 

Ito) overtakes the inward current (chiefly ICa) resulting in a remarkable (40-70%) 
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abbreviation of the action potential. This accentuation of the epicardiac action potential notch 

with the loss of action potential dome can appear on the 12-lead surface ECG as an 

accentuated J-point with ST segment elevation , this represents the pronounced transmural 

voltage gradient and associated transmural dispersion due to the heterogeneity of the dome 

and non-dome pattern of epicardial action potential might lead to phase 2 reentry , and 

VT/VF. 

Further reading suggested 

1. Mariott’s Practical Electrocardiography (12th Edition – South Asian Edition)                 

P 178-179 

2. Early Repolarisation Syndrome – New concepts , Author - Demosthenes G Katritsis , 

Bernard J Gersh , A John Camm  

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4732029/ 

3. Benign Early repolarisation  

Life in the Fastlane , Author – Ed Burns and Robert Buttner, Mar 10, 2021 

https://litfl.com/benign-early-repolarisation-ecg-library/ 

4. Early Repolarization Syndrome : Diagnostic and Therapeutic Approach  

Frontiers in cardiovascular Medicine (Frontier Media SA)  

Author : Felix Bourier, Arnaud Denis, […], and Meleze Hocini 

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6278243/ 

5. Early repolarisation and J wave syndromes  

Indian Heart Journal  

Author : Kamal K. Sethi, Kabir Sethi, and Surendra K. Chutani 

             https://www.ncbi.nlm.nih.gov › articles › PMC4150048 

6. Early Repolarization Syndrome  

 American College of Cardiology 

 Author : Patrick Zakka, MD; Marwan Refaat, MD, FACC , May 16,2016 

 https://www.acc.org/latest-in-cardiology/articles/2016/05/16/14/51/ 

7. Early Repolarisation – What Should the Clinician Do ? 

AER| Arrhythmia & Electrophysiology Review 

Author : Manoj N Obeyesekere , Andrew D Krahn 

https://www.aerjournal.com 

8. Early Repolarisation Changes in ECG : Are they Benign or Malignant  

Author : Oruganti Sai Satish, Professor , K Sashikanath Srivastav, Senior Resident, 

Department of cardiology, Nizam’s Institute of Medical sciences , Hyderabad, 

Telangana  

https:/www.japi.org>early-repolarisation-syndromes 

9. Early repolarisation syndrome – An Update 

Journal of Indian College of Cardiography , Volume 4, Issue 3, September 2014, 

pages 162-169 

Author : T.K Mishra , N.K Mohanty  

https://doi.org/10.1016/j.jicc.2014.07.007 

10. Early repolarization  

Authors : Andrew Krahn, MD, Manoj Obeyesekere , MBBS, MD 

https://www.uptodate.com>contents 

11. Dependence of phase-2 reentry and repolarization dispersion on epicardial and 

transmural ionic heterogeneity : a simulation study 

Europace Oxford university press 

Author : Anat Maoz, David J. Christnini, and Trine Krogh-Madsen 

Europace 2014 Mar; 163(3): 458-465  Source : https:// 10.1093/europace/eut379 
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 Genetically determined pores over the cardiac membrane 

through which ionic inflow and outflow occur. 

 

 Ion channel with its subunits/regulatory proteins (genetically 

determined) executing dissimilar expression level in different 

cardiac regions leading to ionic controlled transfer (Na+, Ca2+ , 

K+ etc.) across the cardiac membrane 

 

 Phase 0 : opening of the voltage-gated Na+ channels (NaV1.5)  

allowing the influx of Na+ inside the memrbrane 

 

 Phase 1 :  A short potassium efflux out of the cells through 

calcium-insensitive transient outward current (Ito) 

 

 Phase 2 : Opening of L-type (“L” stands for long lasting 

referring to the length of activation) → Ca2+ channel for the 

exchange in between Ca2+  and K+  

 

 Phase 3 :  The closing of the L-type Ca2+ channels with the 

opening of K+ channels...IKr, IKs, IKi in succession. 
 

 Phase 4 : Restoration to the previous polarized state by Na+ -

K+ ATP pump and Na+ -Ca2+ exchanger 

 

Cardiac Action potential and its intelligence (under normal 

conditions)  

 

 Controlled transfer of Na+, Ca2+, K+ , etc. through the 

concerned ion channels successively without impeding the flow 

of each other. 

 

 Not having the phenomenon of ventriular repolarization 

dispersion . 

 

 Apart from SA node , many potential pacemakers standing in 

succession –  AV node, Purkinje fibres in the hours of crisis. 
 

 Purkinje fibres are having the longest duration of action 

potential to save the ventricle by having its somewhat longer 

effective refractory period. 

 

SYNOPSIS 
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 The Long QT in LQT1 and LQT2 is mostly the result of T 

wave lengthening, whereas in patient with LQT3 lengthening 

of QT is mainly due to an increased duration of isoelectric ST 

segment. 

 With the increment in heart rate QT interval shortening in 

LQT2 and LQT3 but paradoxically lengthning with LQT1 

 Sinus bradycardia and at times , functional 2:1 AV block in 

LQT3 

 QTc dispersion : QTd (QT maximum-QT minimum) indicates 

dearranged transmural and temporal disorganised distribution 

of ion channels, reflecting variability in ventricular  recovery 

time, hence predisposing to ventricular arrhythmias.  

 
 The Increased QTd with a sudden adrenergic  stimulation can  

precipitate torsades in the setting of underlying long QT 

interval            + Syncope, + Seizure or + Sudden death 

 

 Markers of Potentially arrhytmogenic changes on ECG 

(electrical instability) : Prolongation of the QT interval with 

appearance of prominent U wave/U alternans, U wave may 

distort the T wave / T alternans  

 

It is always important  to keep in mind that a prolong QT  

interval alone is not sufficient to make the diagnosis  of LQTS. 

For the purpose a diagnostic score has been suggested, known  

as the International Long QT Score  or “Schwartz score” (for 

details please see Page no. 45). 

 

 

 

 

A loss of function mutation in the KCNQ1 gene           ↓slow 

activating potassium channel responsible for the IKs 

current.              Wide-based T wave 

 

A loss of function mutation in the KCNH2 gene            

↓slow activating potassium channel responsible for the IKr 

current.              Low amplitude and bifid T 

 

A gain of function mutation in the SCN5A               ↑Inflow 

of the late Na+ current during the plateau phase                

Long isoelectric ST segment with a late appearing T wave  
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Miscellaneous Congenital 

Long QT Syndrome 

 

 

 

 

 

 

 

 

 

 
 

 

 Jervell and Lange-Nielsen syndrome : Bilateral 

sensorineuronal deafness, syncope and + sudden death. This is 

caused by two genes that encode the slowly activating rectifier 

potassium channel. 

 Romano-Ward  syndrome : same  without deafness, affecting 

only the electrophysiological properties of heart. It is caused by 

mutation in eight different genes involving the different 

channels. 

 Anderson-Tawil syndrome (LQT7 syndrome) : Multisystem 

involvement with a triad of periodic paralysis , dysmorphic 

features and ventricular arrhythmias. There may be prominent 

U wave, ventricular ectopy which may include polymorphic 

VT, bigeminy and bidirectional VT. This is largely benign 

condition and sudden cardiac death is extremely rare. 

 Timothy syndrome (LQT8 syndrome) : Highly lethal 

multisystem disease with ± 2:1 AV block, congenital heart 

disease, syndactyle, dysmorphic facial feature and immune 

deficiency. Mutation in calcium channel is responsible for the 

syndrome. 

 
 

Introduction   

Ion channel : a basic concept in Congenital Long QT syndrome 

Cardiac electrophysiology (under normal condition) 

 The sequential ionic movement phase wise  

 Cardiac action potential – its intelligence 

 

Mechanism of arrhythmogenesis in congenital long QT syndrome  

  

Concluding remark  

 

Further suggested reading  

 

Classification of congenital long QT syndrome  

LQT1 , LQT2, LQT3 with pictorial presentation  

Electrophysiological reflection over 12-lead ECG 

OUTLINE 

 

Schwartz score  

  

Miscellaneous congenital long QT  
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CONGENITAL LONG QT :  
ELECTROPYSIOLOGICAL PERSPECTIVE 

                             

 

‘O’ Heart thou smiling with the very moment of ours terrestrial birth on the earth imparts us 

a heroic glory throughout life. Thou masterly move blesses us with the effectuous enjoyment 

by the lovely force of thy contraction. Thou inscribe a creative art of action – ‘Action 

Potential’ which keeps ours existence safe and alive.  

At times the clouds of curse surmount thou art of creativity the ‘Action Potenital’ and the 

human life suffers with agony and might be ended even with sudden death.  

 

Introduction     
The cardiac life flows through the smooth functioning with its ‘Action Potential’. There are 

genetically determined pores over the cardiac membrane through which ionic inflow 

and outflow occur, and therefore , these are known as cardiac channels. With a few cases 

these genetic pores (channels) are having altered electrophysiological function either from 

mutational loss or gain in the concerned gene which encodes the subunits of the concerned 

channels responsible for a particular ionic current.  

 

 

 

 

  

 

 

 

 

 

 

 

 
 
Electrophysiological alteration of these channels linked to either gain or loss in genes 

responsible for encoding their associated protein configuration has been claimed as the basic 

primary abnormality in ‘ Congenital Long QT Syndrome’. 

Cardiac electrophysiology (under normal condition)   
The inside of the cardiac membrane is more negative than the outside. The main ions 

responsible for the same are 3Na+ outside the cell and 2K+ inside the cells – a resting  

polarized state. The cardiac journey adopts a sequential movement of ionic exchanges 

through the channels across the cardiac membrane. The automaticity of SA Node discharge 

creates an initial current to be spread over both the atria and through the conducting pathway 

AVN-HIS-Purkinje system to both the ventricles. 
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Cardiac membrane  

Ion Channel with its subunits /regulatory proteins 

(genetically determined) executing dissimilar 

expression level in different cardiac regions , 

concerned with different ions transfer.  

Ionic controlled transfer (Na+ , Ca2+ , K+ , etc.) 

across the cardiac membrane 

ION CHANNEL : A BASIC CONCEPT 

Fig. 1.1 



The normal sequential ionic movement is described in brief as follows : 

 The start of the ventricular ionic journey is through the wave of depolarization 

brought about by the timely opening of the voltage-gated Na+ channels (NaV1.5 in 

majority of the cases), which allow the influx of Na+ inside the membrane            

(Phase 0). 
 A new turning point before repolarization sets in with the rapid inactivation of the 

sodium channels with a transient opening of Potassium channels during which 

potassium ions efflux out of the cells. This is referred to as ‘notch’ on the action 

potential wave curve (Phase1). 

 The next phase 2 of repolarization sets in , the main physiological purpose being to 

ensue smooth cardiac contractility by creating a phase of plateau - the state of ionic 

balance inside and outside the cardiac membrane. This is caused by a transient 

increase in Ca2+ conductance through the L-type calcium channel (“L” stands for 

long lasting referring to the length of activation) with the influx of Ca2+ movement 

inside and correspondingly increase in outer K+ conductance outside. During this 

phase the outward and inward currents are approximately equal but with reverse 

polarity on either side so that a smooth cardiac contractility might take place. The 

main potassium channels involved during this repolarization are the rapid d rectifiers 

(IKr) , slow rectifiers (IKs) and the inward rectifier (IKi). Overall there is a net 

outward flow of potassium ions (Phase 3). This is to be noted here that the rapid 

rectifier channels are last to be closed in this sequence, while the inward rectifier 

channels with ion pumps (Na+-K+ ATP pump and Na+-Ca2+ exchanger) remain active 

even upto the last phase of repolarization (Phase 4), resetting the resting ion 

concentration towards normal polarity to start again the cycle of action potential in a 

sequential repetitive manner.  
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Events Summary  

 In the heart , the 

majority of voltage 

gated Na+ current is 
carried by the cardiac 

isoform of the voltage-

gated Na+ channel , 

NaV1.5 

 Calcium-insensitive 

transient outward 

current (Ito)→a short 

potassium efflux out of 

the cells.  

 Opening of the L-type 

Ca2+ channel for the 

exchange in between 

Ca2+ and  K+. 

 The closing of the              

L-type Ca2+ channel, 

with the opening of K+ 

channels …IKr, IKs , 

IKi  in succession. 

 Restoration to the 

previous polarized state 

by Na+-K+ ATP pump 

and Na+-Ca2+ exchanger 
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‘CARDIAC ACTION POTENTIAL’: Its intelligence  

The SA Node , atria , AV Node , Purkinje fibres and ventricles – all are gifted with its own 

action potential. They run in a smooth coordinated way from top to the bottom without 

impeding the territory of each other so that the cardiac life may run with its own heroic glory. 

All the concerned ionic channels of each one are uniformly distributed throughout i.e. across 

the transmural zone and at different cardiac sites. This uniform transmural and temporal 

arrangement of ionic channels according to the  concerned cardiac anatomical subunits make 

the life running smoothly and smiling on the earth.  

                        CARDIAC ACTION POTENIAL AT DIFFERENT SITES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  What is to be observed here : ‘Cardiac Action Potential’  with its inherent Intelligence 

 A systematic ionic controlled transfer of Na+,Ca2+, K+, etc through the concerned ion 

channels successively  across the different cardiac subunits without impeding the flow of 

each other.  

 So the concerned QTc interval is not having the phenomenon of ventricular repolarization 

dispersion and so the heart runs without dysarrhythmias under normal condition. 

 Apart from SA Node, there are many potential pacemakers standing in succession – AV 

Node, Purkinje fibres are subsidiary pacemakers ready to take over charge of pacing the 

heart at the time of crisis.  

 Purkinje fibres are having the longest duration of action potential to save the ventricles by 

having its somewhat longer effective refractory period.  
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Classification of Congenital Long QT  

There have been at least 13 genes identified with mutational changes but the three types  

based on genetic abnormality represent in majority of the cases : LQT1, LQT2 and LQT3. 

Electrophysiologically there are either loss or gain in certain genes by its mutation resulting 

in defective channels responsible for its specific current. These events express a particular 

phenotype of the syndrome. Either the widening of the T wave or the somewhat prolongation 

of isoelectric ST segment is responsible for the prolongation of QT interval in three different 

congenital phenotypes.  

Congenital LQT Major Genes T wave morphology Adverse events 

LQT1  KCNQ1 mutational 

gene loss – impaired 

slow activating 

potassium channel 

responsible for the 

IKs current  

Wide- based T wave During exercise, specially 

swimming or stress  

LQT2 Mutations in KCNH2 

gene – impaired 

potassium channel 

responsible for the 

IKr current 

Low amplitude and 

bifid T  

During emotional stress 

such as auditory stimuli 

(eg. alarm clock or phone 

ringing)/ a higher risk in 

post-partum period 

LQT3 Gain of function 

mutations in the 

SCN5A – excessive 

flow of sodium 

channels NaV1.5 

during plateau phase. 

Long isoelectric ST 

segment with a late 

appearing T wave 

During sleep or at rest 

(Sudden cardiac death 

during sleep) 
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Prevalence rate 
25-30% 

Fig. 1.4 

A loss of function mutation in the KCNQ1 gene           

slow activating potassium channel responsible for 
the IKs current               Wide-based T wave 

Wide based 
T wave 
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Prevalence rate 
35-40% 

Prevalence rate 
7-10% 

Fig. 1.5 

Fig. 1.6 

A gain of function mutation in the SCN5A              ↑Inflow 

of the late Na+ current during the plateau phase                   
Long isoelectric ST segment with a late appearing T wave  
 

Slowly inactivation of the sodium channels NaV1.5 
leads to the late stimulation of the voltage-gated Ca2+ 
and K+ channels necessary for excitation-contraction 
coupling and hence , long isoelectric ST segment with a 
late appearing T wave, as illustrated in the above 
sketch by the dotted lines.  
 



Electrophysiological reflection over 12 lead ECG 

 The long QT in LQT1 and LQT2 is mostly the result of T wave lengthening , whereas 

in patient with LQT3 lengthening of QT is mainly due to an increased duration of 

isoelectric ST segment. 

 In normal subjects the QT interval is inversely proportional to heart rate : the QT 

interval shortens at faster rate and vice versa is true at slower heart rate.  

Low dose epinephrine infusion shortens the QT interval in control normal subjects 

and those with LQT2 and LQT3 but paradoxically lengthens in each subjects with 

LQT1 (this paradoxical lengthening of QT interval in LQT1 patients happens because 

of the mutation-dependent impairment in IKs , the current essential for QT adaptation. 

The lack of QT shortening during sudden increase in heart rate favours the R-on-T 

phenomenon with initiation of ventricular arrhythmias). 

 Sinus node dysfunction  

Sinus bradycardia with sinus pauses has been reported in upto one-third of patient in 

LQT3 as a result of sodium channel mutations (reduced automaticity). 

 

 

 

 

 

 

 

 

 

 

 

 With AV conduction disturbances functional 2:1 AV block can occur. This is usually 

seen when the sinus cycle length is shorter than the effective refractory period of HIS-

Purkinje fibres. At times functional 2:1 AV block might also happen due to associated  

with genetic defect over AV node specially during ventricular arrhythmias (this 

usually happens with LQT3).   

 QTC dispersion :  

The Genotype expression associated with Congenital Long QT results in                                   

biostructural changes in ion channels. This causes a mismatched transmural 

arrangements of affected channels with the profound possibility of QT dispersion , 

predisposing the person concerned to ventricular arrhythmias. 

The increased QTd (QT maximum – QT minimum) indicates dearranged transmural 

and temporal distribution of ion channels , reflecting variability in ventricular 

recovery time, hence predisposing to ventricular arrhythmias , i.e. the more is the QT 

dispersion, the more are the chances of ventricular arrhythmia. The further 

prolongation with pause in the electrical activity created by a longer cycle length , 

which might be the result of bradycardia or an extrasystole ,  may also be the culprit.   
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The other possibility is the 

blunted autonomic responses, 

manifested by relatively low 

values of baroreflex sensitivity 

with reduced ability to change 

the heart rate.  

Fig. 1.7 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This would be useful and important both to observe some ‘ECG dictum’ in congenital long 

QT syndrome, as described below: 

 

 

 

 

 

 

 

TdP 

A sudden adrenergic 

stimulation (loud noises, 

emotional upsets, exercise, 

or any startle stimulus) can 

precipitate torsades in the 

setting of underlying long QT 

interval probably by resulting 

in an extrasystole initially.  

Ventricles 
The increased QTd (QT maximum-

QT minimum) means interlinked 

variation of QT, indicates 

variability in ventricular 

repolarization  time, hence, 

predisposing to ventricular 

arrhythmias. The increased QT 

dispersion is known to occur in 

patients with Long QT syndrome 

explains the genesis of 

arrhythmias in these patients. 

If one observes on ECG progressive prolongation of the QT intervals with appearance of U 

wave, the stage is set in and increment in heart rate and/or associated adrenergic 

stimulation that may be all  that is necessary to trigger this arrhythmia. It is imperative to 

watch for a relative change in QT interval, Bizarre T wave aberration following a post 

extrasystolic pause as a specific early warning sign. The associated QT progressive 

prolongation might allow the recovery of purkinje fibers which is evident by prominent U 

wave. If the increased diastolic interval occurs abruptly, fusion between T wave and U wave 

may occur. 

One should always assume that the prolongation in QTc reflects an increased dispersion of 

ventricular repolarization, a potentially arrhythmogenic electrophysiologic marker.  

Mechanism Of Arrhythmogenesis In Congenital Long QT Syndrome 
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Fig. 1.8 



 

EVENTS SUMMARY  

Congenital LQT                                                            
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One should be precautious of  

 Family history  

 Other family members with definite LQTS 

 Sudden death in immediate family members before age 30 years.  

 It is always important to keep in mind that a prolong QT interval alone is not 

sufficient to make the diagnosis of LQTS. For the purpose a diagnostic score has 

been suggested , known as the International Long QT Score or ‘Schwartz score’, 

described on the next page - 

 

 

 

LQT1 

LQT2 

LQT3 

Wide-based T wave 

Low amplitude bifid T wave 

Long isoelectric ST segment with late 
appearing T wave 

Markers of Potentially 

arrhythmogenic Changes on 

ECG (electrical instability) 

 Prolongation of the QT interval 

with appearance of prominent 

U wave / U alternans 

U wave may distort the T wave 

 T wave aberration / T wave 

alternans 

 

A sudden adrenergic stimulation 

(loud noises , emotional upsets, 

exercise or any startle stimulus) 

3 ‘S’ - mnemonic 

 Syncope  

 Seizure  

 Sudden death   

Torsades de pointes 
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Fig. 1.9 



 

If on ECG QTc interval is more than 460 ms either with a history of Torsades de 

pointes or syncope with stress, there is high probability of congenital long QTc             

(points 4-5).  

 

In general , QTc prolongation > 500 ms are often associated with increase risk of 

sudden cardiac death. This should be kept in mind that the QT interval is a dynamic , 

changing under different physiological conditions and that’s why , the longest QTc interval 

should be adopted for risk assessment.  

QT interval determination is done as a new value derived from at least 3-5 cardiac cycles to 

be read in lead II and V5 or V6 with the longest value is being used. Computer measurement 

of the QT interval has been shown to the unreliable in this situation.  

Sometimes specific situation involving QT interval prolongation that are more commonly 

encountered in children than in adults on ketogenic diet , those with acute weight loss and 

treatment with psychotrophic drugs.  

 

Schwartz Score 
 
Characteristics                                                                                                         Points 

 

ECG Findings  
 QTc (calculated with Bazett formula) 

     >480 ms                                                                                                                     3 

       460-470 ms                                                                                                                2 

       450 ms and male gender                                                                                            1 

 QTc fourth minute of recovery from exercise stress test                                     1 

 Torsades de pointes                                                                                                  2 

 T wave alternans                                                                                                      1      

 Notched T wave in these leads                                                                                1  

 Low heart rate for age (children), resting heart rate below second                               

percentile for age                                                                                                    0.5 

 

Clinical History 
 Syncope (one cannot receive points both for syncope and torsades de pointes) 

With stress                                                                                                                  2 

Without stress                                                                                                             1 

 Congenital deafness                                                                                                 0.5                                                       

Family history                                                                      

 Other family members with definite LQTS                                                            1      

 Sudden death in immediate family members (before age 30 years)                   0.5                                 

 

 

Scoring Calculation  

< 1 point : Low probability of LQTS  

1.5-3 points : Intermediate probability  

>3.5 points : High probability  
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Miscellaneous Congenital Long QT Syndrome 

 Jervell and Lange-Nielsen syndrome : Bilateral sensorineuronal deafness, syncope 

with sudden death. This is caused by two genes that encode the slowly activating 

rectifier potassium channel.  

 Romano-Ward syndrome : same without deafness affecting only the 

electrophysiological properties of heart. It is caused by mutation in eight different 

genes involving the different channels.  

 Anderson-Tawil syndrome (LQT7 syndrome) : multisystem environment with a 

triad of periodic paralysis , dysmorphic features and ventricular arrhythmias. There 

may be prominent U wave, ventricular ectopy which may include polymorphic VT, 

bigeminy and bidirectional VT. This is largely benign condition and sudden cardiac 

death is extremely rare.  

 Timothy syndrome (LQT8 syndrome) : Highly lethal multisystem disease with + 2:1 

AV block , congenital heart disease syndactyle ,  dysmorphic facial feature and 

immune deficiency. Mutation in calcium channel is responsible for the syndrome.  

 

Concluding remark: 

The Congenital long QT Syndrome is caused by the change in the pattern of cardiac ions 

channels proteins, being expressed as a consequence of genetic mutations mainly affecting 

the flux of ions such as potassium  across myocardial membrane, resulting in prolongation of 

ventricular repolarization (QTc prolongation) with an increased propensity for ventricular 

tachyarrhythmias. So, the younger generation may embrace sudden cardiac death even in the 

absence of structural heart disease. The application of the knowledge of applied cardiac 

electrophysiology would make pathway smoother for understanding. The phenotype 

expression is not uniform in all the variants of congenital long QTc syndrome, most possibly 

due to different mutational changes at different genetic foci.  The proper basic understanding 

of the disorder might save the life of the person concerned. 

Further suggested reading: 

1. Marriott’s Practical Electrocardiography 12th Edition, South Asian Edition, Chapter-8, 

Inherited Arrhythmia Disorders, P 167-169 

 

2. LeoSchamroth An Introduction to Electrocardiography (EIGHT ADAPTED 

EDITION), Chapter-26, Cardiac Channelopathies, P 199-203 

  

3. CHOU’S ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE (Sixth Edition), 

Chapter-28, Normal Electrocardiograms in the Fetus, Infants, and Children, P 654-655 

 

4. HURST’S  12TH EDITION, THE HEART VOLUME ONE, Chapter-33, Genetics of 

Channelopathies and Clinical Implications, P 885-890 
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5. Braunwald’s Heart Disease A Textbook of Cardiovascular Medicine (9th Edition) Long 

QT Syndrome, P 807-809 

 

6. Understanding Electrocardiography Arrhythmias and the 12-lead ECG, Mary Boudreau 

Conover RN, BS (Fifth Edition) Chapter-11, Ventricular Arrhythmias, P 204-210 

 

7. Textbook of Clinical Electrocardiography, SN CHUGH (First Edition 2003), 

Heredofamilial Prolonged Q-T Syndromes,  P 366-369 

 

8. Long- QT Syndrome After Age 40, Ilan Goldenbrg, MD; Arthur J. Moss, MD; James 

Bradley, MS: Slava Polonsky, MS; Derick R. Peterson, PhD; Scott McNitt, MS; 

Wojciech Zareba, MD, PhD; Mark L. Andrews, BBA; Jennifer L. Robinson, MS; 

Michael J. Ackerman, MD PhD; Jesaia Benhorin, MD; Elizabeth S. Kaufman, MD; 

Emanuela H. Locati, MD; Carlo Napolitano, MD; Silvia G. Priori, MD, PhD; Ming Qi, 

MD; Peter J. Schwartz, MD; Jeffrey A. Towbin, MD; G.Michael Vincent, MD; Li 

Zhang, MD, http://circ.ahajournals.org  

 

9. Congenital Long QT Syndrome, Lia Crotti, Giuseppe Celano and Peter J Schwartz, 

Orphanet Journal of Rare Diseases (BMC) www.ncbi.nlm.nih.gov  
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SHORT QT SYNDROME : 

ABBREVIATED REPOLARIZATION 
 



Ito ICa2+ 
IKr 

IKs 

INa 
(Nav1.5) 

IKi 
ICa2+ 

IKr IKs 

 

IKi 

IKr 

IKs 

IKi 

: Reduced influx of calcium during the plateau phase 

of the action potential leading to shortening of the QT 

interval 

 : Increased potassium efflux during various stages of 

the action potential leading to more rapid ventricular 

repolarisation with shortening of the QT interval and 

taller - narrower T wave 

ICa2+ 

 

IKr 

IKs 

IKi 

 

 

Introduction 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A very rare genetically determined heterogeneous disease with 

inherent mutation defects 

 Several genotype variants with mutations to K+ channels or Ca2+ 

channel subunits  

 

 

 
 

 

 

 

 
 

 

  

 
 

 

 

 











Phenotype presentation  

 Age: median age 30 years but ranges from a few months to the 

sixth decade of life.  

 Sex: Male sex with higher penetrance 

 Symptoms: palpitation, syncope, sudden cardiac death 

Family history of syncope 

 

Changes over 12-lead ECG 

 A constant short QT value and lack of adaptation to heart rate.  

 ST segment is short or even absent, with T initiating 

immediately after the S wave. T is usually taller and narrower, 

compared to normal population (seen mainly over precordial 

leads). 

 Males with QTc < 330ms and females with QTc < 340ms 

should be taken as a diagnostic marker for SQTS even with 

asymptomatic cases. 

 QTc shorter than 360 and 370ms (males and females 

respectively) are the diagnostic pointers for SQTS when 

supported by symptoms or family history. 

 

 

 

SQTS genotypes, 1-3 : with 

increased potassium efflux 

during various stages of the 

action potential leading to more 

rapid ventricular repolarisation 

with marked shortening of 

the QT interval and taller- 

narrower T wave 

 

SQTS genotypes, 4-6: with 

reduced influx of calcium 

during the plateau phase  

of the action potential leading 

to modest shortening of the 

QT interval 

 

SYNOPSIS 
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SHORT QT SYNDROME : 

ABBREVIATED REPOLARIZATION 

ECG 



 

 

 

 

 

 

 

 

 

 

 

 

      A diagnostic approach  

 

 

 

Arrhythmogenesis 

in SQTS 

 

 

 

 

 

 

 

 

 

 

 

A diagnostic workup with 

tachyarrhythmias  

 

 These patient are prone to have episodes of tachyarrhythmia 

(atrial fibrillation, ventricular tachycardia and ventricular 

fibrillation)  

 SQTS may have as ‘overlap syndrome’, associated 

concurrence with Brugada, Early Repolarization Syndrome or 

even Sick Sinus Syndrome. 

 

GOLLOP, REDPATH and ROBERTS  in 2011 laid down the 

diagnostic criteria for SQTS (for details please see page 55) 

 

 

 Short ventricular effective refractive period (manifest as a 

short QT interval on ECG)  

 Transmural dispersion of  repolarization i.e. the different 

layers of myocardium (subendocardial, subepicardial  and  mid-

myocardial cells) repolarize a different rates 

 Impulse arrives at critical point in the cardiac cycle, and the 

resultant electrical wave is conducted in some regions but 

blocked in others, potentially resulting in wavebreaking with  

re-entrant tachyarrhythmias. 

 

 Atrial fibrillation presenting in a new born child should raise the 

suspicion of short QT syndrome. A useful analogy can be made 

here with familial atrial fibrillation in another members of the 

family. 

 

 Considering the high incidence of atrial fibrillation associated 

with these patients, it should be kept in mind that ‘Lone-atrial 

fibrillation’, specially in young individuals might be in some 

cases associated with a short QT syndrome. 

 

 The episodes of ventricular tachycardia on 12-lead ECG 

specially in younger generation without the known exciting 
factors should also raise the suspicion of SQTS. 
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ICa2+ 

IKr IKs 

 

IKi 

ICa2+ 

 

IKr 

IKs 

IKi 

: Reduced influx of calcium during the plateau phase of the 

action potential leading to shortening of the QT interval 

 
 Increased potassium efflux during various stages of the action 

potential leading to more rapid atrial and ventricular repolarisation 

with shortening of the QT interval and taller - narrower T wave 

SHORT QT SYNDROME : ABBREVIATED REPOLARIZATION  
                             
 

 

Mutational alteration to a gene may be linked to ‘Abbreviated repolarisation’ with the loss of 

electrophysiological wisdom. Protective guarding is shadowed leaving behind the murmuring 

of even a sudden death.  

O SQTS thou are a young entity , the seers of medical science are making their endless 

efforts to witness yours outskirting from within – a searching mission with a spotlight of 

knowledge to conquer the shadowy cast tented by you. 

 

Introduction     
Short QTc syndrome (SQTS) is a very rare genetically determined heterogeneous disease 

with inherent mutation defects producing a typical electrophysiological pattern –‘Abbreviated 

repolarisation pattern’. It is a new entity , described in 2000 with the description of a handful 

cases of SQTS as reported in the literature. The first report of short QT syndrome came in the 

knowledge of the medical science with its publication in 2000, revealing a family with SQTS 

on the 12-lead ECG which described atrial fibrillation as well occuring at a young age and 

also revealed the association of sudden cardiac death associated with this syndrome even with 

an unrelated patient. As the time progressed in the pages of the history such in 2003, there 

was found an association between short QTS and sudden cardiac death. It was the year 2004 

when the first genetic association with this condition was uncovered. The criteria for 

diagnosing this condition were proposed and laid down in 2011. Now the medical scientists 

are working on the animal model with short QT, trying to reveal its secrecy more in depth.  

It has been recently reported that there exist genotype variants with mutation to K+ channel or 

Ca2+ channel subunits , as simplified with the following sketch : 
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Fig. 1.1 



Ito ICa2+ 
IKr IKs 

INa 
(Nav1.5) 

IKi 

 

 

Electrophysiological basis   
Further to explore, the following sketch might be more helpful to understand the nature of 

this syndrome : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This sketch demonstrates hypofunction of the calcium current and hyperfunction of the 

delayed rectifier potassium current.  

Several mutations have been characterized so far , all of which seems to be inherited as an 

autosomal dominant. 

It has long been detected that species of Kangaroo that are prone to sudden cardiac 

death (SCD) exhibit abbreviated ventricular action potential and shortening of QT 

interval on the ECG.  
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SQTS genotypes, 1-3 : with increased potassium 
efflux during various stages of the action potential 
leading to more rapid ventricular repolarization with 

marked shortening of the QT interval and taller - 
narrower T wave 
 

SQTS genotypes, 4 -6 : with reduced influx of 
calcium during the plateau phase  of the action 

potential leading to modest shortening of the QT 
interval 
 

SQTS 

Fig. 1.2 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nowadays there is ongoing mutational defects being detected in SQTS. And therefore , 

recently more several genotypes SQTS have been described. 

 

Phenotype presentation  
 Age : median age 30 years but ranges from a few months to the sixth decade of life.  

 Sex : Male sex is found to be associated with a higher penetrance in SQTS. Due to the 

relative lack of large scale samples analysis there exists a limited interpretation of sex 

in SQTS (low oestradiol levels among females and high testosterone level among 

males have been associated with a higher incidence of SCD). 

 Symptoms : Palpitation , syncope , sudden cardiac death , family history of syncope. 

Some observers have noticed the following conclusions from their pooled analysis : 

(i) The clinical profile with presenting symptoms among female population is 

comparable to that of male , but marked predominance of syncope among males. 

(ii) There is no significant differences in age distribution when patient presented 

initially with SCD.  

 
Changes over 12-lead ECG 
The basic change is the shortening of QT interval due to abbreviated repolarization phase. 

The salient features are described as below : 

 A constant QT values and lack of adaptation to heart rate. ST segment is short or even 

absent , with T initiating immediately after the S wave. T is usually taller and 

narrower compared to normal population (seen mainly over precordial leads).   

 The immediate inscription of T wave irrespective of the heart rate is the main reason 

of QTc being constant. At fast heart rates , the calculated QTc may appear normal 

(‘Pseudo normal’ QTc). Even with a decrease in the heart rate, the QTc typically fails 

to prolong.  

SQTS Channels Action 

Potassium Channels 

SQTS1 KCNH2 Increase in IKr current 

SQTS2 KCNQ1 Increase in IKs current 

SQTS3 KCNJ2 Increase in the IK1 current 

Calcium Channels 

SQTS4 CACNA1C Reduction in L Type Ca-Channel 

current 

SQTS5 CACNB2 Reduction in L Type Ca-Channel 

current 

SQTS6 CACNA2D1 Reduction in L Type Ca-Channel 

current 

Carnitine Deficiency  

  Altered regulation of the 

potassium channel  
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 Serial ECGs on Holter monitoring may be needed to capture short QT intervals during 

periods of relative bradycardia (the preferred heart rate for the calculation is 60-80 

bpm). This is to be mentioned here that Bazett’s formula overcorrects QT interval at 

slow heart rate.  

 Exercise testing may demonstrate lack of adaptation of QT interval , recorded with 

different heart rates. A Holter strip is always useful to record the constancy of QTc at 

different rates.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Symptomatic patients have been reported with shorter Jpoint-Tpeak<120 ms interval. 

This finding is suggestive of augemented transmural dispersion of the ventricular 

mass , as encountered with SQTS.  

 Depression of the PQ segment due to a heterogenous abbreviation of atrial 

repolarisation , most commonly observed in inferior and anterior leads.  

 Often a prominent U wave can be observed , being separated by an isoelectric T-U 

segment.  

 These patients are prone to have episodes of tachyarrhythmias (atrial fibrillation , 

ventricular tachycardia and ventricular fibrillation). 

 Now there is a growing evidence that some cases of SQTS may have an ‘overlap 

syndrome’, associated concurrence with Brugada, Early Repolarization Syndrome or 

even Sick Sinus Syndrome , as a combined phenotype partership.  

 

In nutshell , the much shortening of the QTc to the extent of T wave appearing immediately 

after the QRS complex is being reflected with the different accompanying figurations on        

12-lead ECG, mentioned as above. Abbreviated repolarization phase accompanied by 

local dispersion of repolarization is the main fact behind the story of ECG changes.   

 

A diagnostic approach  
With the foregoing discussion the following consideration should come in mind while 

making a diagnosis of SQTS. 

 Shorter QTc with accompanying tall and narrower T  

 Jpoint-Tpeak interval / Tpeak-Tend intervals to assess the ventricular dispersion 

 Clinical history  

o Sudden cardiac arrest  

o Documented evidence of tachyarrhythmias (atrial fibrillation, ventricular 

tachycardia or ventricular fibrillation) + syncope of unknown nature.  

 Positive Family history in first or second degree relatives. 
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 Males with QTc < 330 ms and females with QTc < 340 ms should be 

taken as a diagnostic marker with SQTS even if the person concerned is 

asymptomatic (these values are very rare in healthy population). 

 QTc interval shorter than 360 and 370 ms (males and females 

respectively) are the diagnostic pointers of SQTS when supported by 

symptoms or family history ( it is to mention here that overlap of these 

QTc values with healthy population warrants the need of symptoms or 

family history to be further added in this context).  



 

 

 

Gollop , Redpath and Roberts in 2011 laid down the following diagnostic criteria to 

diagnose SQTS. By their scoring system all score of 4 or more was considered to indicate a 

high diagnostic probability of SQTS.  

 

The Short QT Syndrome : Diagnostic Scoring Scheme  

 

  Points 

QTc, ms   

<370 1 

<350 2 

<330 3 

Jpoint-Tpeak interval <120 ms 1 

Clinical history   

History of sudden cardiac arrest 2 

Documented polymorphic VT or VF 2 

Unexplained syncope 1 

Atrial fibrillation 1 

Family history   

First- or second-degree relative with high-probability SQTS 2 

First- or second-degree relative with autopsy-negative sudden cardiac death 1 

Sudden infant death syndrome 1 

Genotype   

Genotype positive 2 

Mutation of undetermined significance in a culprit gene 1 

 

This scoring system is not having the universal acceptance  

 

 

Mechanism of arrhythmogenesis in SQTS  
The mechanism , occurring as the dispersion of repolarization , is encountered because the 

action potential shortening associated with this condition occurs to a greater extent in some 

layers of the cardiac walls than in others. It thereby indicates that some layers of the cardiac 

cycles are fully repolarized and so they are ready to contract and the reverse is also true to say 

that other regions are only partially repolarized and so remaining within their refractory 

period, unable to be re-excited. A triggering impulse in the presence of short effective 

refractory period may be met with a critical point of the cardiac cycle where electrical 

impulse is being conducted in some regions but is blocked in others, potentially creating a 

wavebreak with resultant reentrant arrhythmias.  

The combination of shorter effective refractory period and transmural dispersion of 

repolarization is the foundation stone for the tachyarrhythmias.  
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The entire concept is summarized with the following table : 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
A diagnostic workup with tachyarrhythmias  
This is to be noted here that some people with short QT syndrome never experience any 

major problem associated with this condition. Sometimes only one meets with episodes of 

tachyarrhythmias and these may point towards the strong probability of SQTS.  

o Atrial fibrillation presenting in a new born child should raise the suspicion of short 

QT syndrome. A useful analogy can be made here with familial atrial fibrillation in 

another members of the family.  

o Considering the  high incidence of atrial fibrillation associated with these patients, it 

should be kept in mind that ‘Lone-atrial fibrillation’ , specially in young individuals 

might be in some cases associated with a short QT syndrome.  

o The episodes of ventricular tachycardia on 12-lead ECG specially in younger 

generation without the known exciting factors should also raise the suspicion of 

SQTS.  
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ARRHYTHMOGENESIS IN SQTS 

 
 Short atrial and ventricular effective refractive period (usually manifest 

as a short QT interval on ECG)  

 Transmural dispersion of  repolarization i.e. the different layers of 

myocardium (subendocardial, subepicardial  and  mid-myocardial cells) 

repolarize a different rates 

 Impulse arrives at critical point in the cardiac cycle, and the resultant 

electrical wave is conducted in some regions but blocked in others, 

potentially resulting in wavebreaking with re-entrant tachyarrhythmias. 

Fig. 1.3 



Concluding remark 
Even the much rarity of this SQTS in general population warns the clinician to be familiar 

with its nature if one encounters with this condition in their clinical practice. A short QTc 

interval with taller and narrower T wave immediately after the QRS complex should raise the 

strong suspicion of this syndrome in the concerned patient. And a needed search should be 

enforced in action to confirm this , as discussed in the foregoing pages.  

Further suggested reading  
1. LeoSchmroth An Introduction to Electrocardiography (Eighth adapted edition) – 

Chapter 26 Cardiac channelopathies , P 203-205 

2. Learning from studying very rare cardiac conditions: the example of short QT 

syndrome , Author : Jules C. Hancox, Dominic G. Whittaker, Henggui Zhang, Alan 

G. Stuart , Journal of Congenital Cardiology 

Hancox et al. Journal of Congenital Cardiology  (2019)3:3 

https://jcongenitalcardiology.biomedcentral.com/track/pdf/10.1186/s40949-019-0024-7.pdf 

3. Short QT Syndrome 

An article from the E-Journal of the ESC Council for cardiology Practice  

Author – Dr. Sara Moreno Reviriego , Dr. Jose Luis Merino, FESC 

https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-9/Short-

QT-Syndrome 

4. Short QT Syndrome 

Life in the Fastlane ,  

Ed Burns and Robert Butter ,  March 8, 2021  

https://litfl.com/short-qt-syndrome-ecg-library/ 

5. Short QT Syndrome – Clevland Clinic 

https://my.clevelandclinic.org/health/diseases/17469-short-q-t-syndrome-sqts 

6. Short QT Syndrome – American college of Cardiology  

Author : Ossama K. Abou Hassan , MD; Bernard S Harbieh. Samir E. alam, MD, 

FACC; Marwan Re 

https://www.acc.org/latest-in-cardiology/articles/2016/10/05/08/06/short-qt-syndrome 

7. Short QT Syndrome –  Review of diagnosis and Treatment  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4711567/ 

8. Short QT Syndrome –  Circulation – AHA Journals  

Fiorenzo Gaita, MD, Carla Giustetto, MD, Francesca Bianchi, MD Christian Wolpert, 

MD, Rainer Schunofm MD  Elena Richiardi, and MD Martin Borggrefe MD 

https://www.ahajournals.org/doi/10.1161/01.CIR.0000085071.28695.C4 

      9.   Short QT Syndrome –  MedlinePlus Genetics 

https://medlineplus.gov/genetics/condition/short-qt-

syndrome/#:~:text=Mutations%20in%20the%20KCNH2%2C%20KCNJ2,maintaining

%20the%20heart's%20normal%20rhythm. 
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 CPVT : very rare channelopathy, usually beginning in early 

childhood 

 

 Genetically induced disruption in the handling of calcium ions 
within the cardiac myocytes  

 

 Adrenergic inducing stimuli (physical activity and emotional 

stress)       irresistible bounteous inflow of calcium ionic sparks, 

even being poured outside the cardiac membrane      delayed 

afterdepolarization potential triggering ventricular 

arrhythmias  

 

 1 in 10,000 people in Europe 

 

 The mean age of onset 7-12 years  

Juvenile type in the first 2 decades of life with a worse prognosis 

; Adult type by fourth decade having a female predominance with 

lesser risk of SCD 

 

 Exercise related syncope, seizure or Sudden death in 30% of the 

patient’s family  

 

o In 1975 by Reid et al and in 1978 Coumel et al : existence of 

ventricular polymorphic arrhythmias even without structural 

cardiac diseases 

 

o Further discovery of CPVT with genetic inheritance with the 

localization of chromosome defects associated with mutations 

in genes  
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Adrenergic response to 

exercise/acute emotional 

upset relating to the 

cascade of CPVT 

 

 

 

 

 

 

Mechanism leading to 

ventricular arrhythmias 

in CPVT is initiated at 

distal HIS-Purkinje 

Fibers  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 CPVT 1 :  RyR2 related gene mutation -  ryanodine receptors → 

release more calcium from the sarcoplasmic reticulum (autosomal 

dominant) 

 

 CPVT 2 : CASQ2 related gene mutation - calsequestrien → 

reduced calcium buffer within the sarcoplasmic reticulum 

(autosomal recessive)  

 

 Other variants CPVT 3, 4, 5 are also known to the medical science. 

  De novo mutations during the formation of reproductive cells 

with no history of mutation in the family also recorded 

  

The abnormal calcium microrelease in Purkinje cells are 

arrhythmogenic  

Group 1 local heterogeneities making the Focal myocardium 

vulnerable to the reentrant tachyarrhythmias, triggered by beats 

from distal His-Purkinje fibers  

Group 2  Bidirectional ventricular tachycardia (BVT) based on 

‘PING PONG’ theory : there is reciprocating delayed 

afterdepolarization induced ectopic activation from one ventricle to 

the other.  

 Handling of calcium ions within cardiac myocytes under 

normal conditions :  

Entrance of Ca2+ in the interior of cardiac myocytes 

throughT-tubules→ the stored Ca2+ ions are released from 

Sarcoendoplasmic reticulum (SR) into the cytosol → 

calcium ions coupled cardiac ‘Excitation-Contraction 

Coupling’. 

( The excess calcium is pushed again inside SR by 

Sarcoendoplasmic reticulum calcium ATPase. The extra 

calcium ions might also be pushed outside the cardiac 

myocytes through Na-Ca exchanger mechanism) 

Exercise/acute emotional upset induced adrenergic response 

(release of catecholamines such as adrenaline) → increased 

Ca2+ concentration within the interior of cardiac myocytes → 

the uncontrolled calcium sparks can make its way out through 

the cell membrane via sodium-calcium exchanger resulting in 

an electrical current known as delayed afterdepolarization 

which might lead to premature ventricular complex (PVC) or 

sustained ventricular arrhythmias. 
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A diagnostic approach 

 

 

 

 

 

 

   alternatively leading to BVT pattern on ECG 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Resting ECG is usually normal  

 

 As heart rate increases as a consequence of adrenergic induced 

response by exercise or acute emotional stress, there is a 

progressive occurrence of ventricular arrhythmias : monomorphic 

PVCs either isolated or in bigeminy, non-sustained VT or a run of 

polymorphic VT/Bidirectional VT might be noticed 

 

 Usually self terminating arrhythmia but at times it can degenerate 

into ventricular fibrillation with sudden death  

 

 Atrial arrhythmias such as atrial fibrillation reported during 

exercise testing with some adult patients  

 

 History 

Usually children ( 7 to 12 years ) with the history of syncope often 

associated with seizure induced by exercise or emotional stress 

 

 Family History 

A family history of exercise related syncope, seizure or sudden 

death has been reported in 30% of patients 

 

 The resting ECG is usually normal 

 

 Holter monitoring ECG or an exercise test can document CPVT 

by showing the ventricular arrhythmias progressively appearing 

after a heart threshold (120-130 bpm)  

 

 The diagnosis of CPVT can be made in the presence of a 

structurally normal heart with normal resting ECG and exercise or 

emotion induced polymorphic ventricular tachycardia  
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    CATECHOLAMINERGIC POLYMORPHIC  VENTRICULAR     
    TACHYCARDIA (CPVT) : ELECTROPHYSIOLOGICAL INSIGHT 
                             
 

 

‘O Heart’ thou ecstasy lies in the synchronized force of contraction , being illuminated by 

the running stream of thy cellular ‘Excitation-Contraction Coupling’ – a wise step offering 

the current of stability and keeping thouself away from trembling with the flame of 

arrhythmias. Brilliancies in Calcium ion-display within thy interior smoothly sharpen thy 

glorious pathway, but when these ionic sparks are in irresistible bounteous flow from within 

to outside, the life might thunder with lightning of arrhythmias.  

The heart , the master of our house quivers and the thread of life might be snatched , halting 

thy gallopings of joyous life.  

 

Introduction     
Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT) is a very rare genetic 

channelopathy, clinically brought on surface by adrenergic induced incidence (physical 

activity or emotional stress),  usually beginning in early childhood. There is a genetically 

induced disruption in the handling of calcium ions within cardiac myocytes, interfering with 

the synchronised cellular ‘Excitation-Contraction Coupling’ and with the subsequent 

relaxation, particularly brought about during  the adrenergic induced moments (exercise or 

emotional turmoil) even upto the extent of prompting ventricular arrhythmias. This happens 

by the irresistible bounteous inflow of calcium ionic sparks within cardiac myocytes, even 

being poured outside the cardiac membrane , which might result in the setting of delayed               

afterdepolarization  triggering ventricular arrhythmias. The cardiac cells bath with the rains 

of calcium ions both within and outside – a threatening clinical situation.  

Biostatistics     
 Prevalence rate : though the true prevalence is not known , it is estimated to be 1 in 

10,000 people in Europe.  

 The mean age of its onset usually in between 7 to 12 years. More recently two 

patterns of its distribution have been identified in the affected population – as 

Juvenile type presentation in the first two decades of life and the adult type 

presenting by the onset at fourth decade of life having a female predominance. The 

later group is associated with lesser risk of SCD.  

 Mortality : highly lethal , approximately 30% by the age of 30 years succumb to 

death when left untreated. A worst prognosis in the case of early onset has been 

reported.  

It accounts for 12% of autopsy negative sudden death and 1.5% of sudden infant 

death (COT death). 

 Family History : exercise related Syncope , Seizure or Sudden death (mnemonics         

3 ‘S’) is reported in 30% of the patient’s family.  

Family history of Juvenile sudden cardiac death triggered by exercise or acute 

emotional upset has also been reported.  

 Athletes : the accurate incidence in athletes is not known but the incidence of SCD in 

young competitive athletes is observed commonly related to cardiac structural 

abnormalities , such as hypertrophic cardiomyopathic , HTN and coronary anomalies.  
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A Narrative Review  



History    
Deep in the pages of history there are so many gallops of discoveries – learning events in 

science bringing a renewed splendorous lightning of the knowledge over the surface to 

be analysed for the benefit of Today.  

o CPVT was first recognised in 1975 by Reid et al and afterwards in 1978 by Coumel et 

al, by reporting as series of children without structural heart disease presenting with 

reproducible exercise-induced ventricular polymorphic arrhythmia. This was the fact 

mentioned by them that there may be the existence of ventricular polymorphic 

arrhythmia even without structural cardiac disease.  

o Further years revealed the association of CPVT with genetic inheritance with the 

localisation of chromosome defects, associated with mutations in genes  

With the study of two large Finnish families with typical CPVT presentation in 

1999 revealed its autosomal dominant nature, associated with chromosomal 

defects at Iq42-43. Priori et al and Laitinen et al first recognised the mutation in 

cardiac ryanodine receptor gene (RyR2 receptors of the cardiac 

sarcoendoplasmic reticulum) in the sufferers of the families – nomenclatured 

nowadays CPVT1 

Lahat et al further explored a recessive form of CPVT in families belonging to a 

Bedouin tribe (‘the desert dwellers’) , pointing chromosome 1p13-21 to be site 

of its mutations with calsequstrin gene (CASQ2). This gene is being expressed 

with the impaired  calcium buffering within sarcoendoplasmic reticulum.  

 

 

The Mechanism involved in CPVT  
The following points should be considered while revealing the secrecy of the mechanism 

concerned with CPVT : 

 The foundation concept of ‘Excitation-Contraction Coupling’ in the handling of 

calcium ions within the cardiac myocytes (IN NORMAL POPULATION)  

 

 

 

 

 

 

 

 

 

The detailing how the cardiac myocytes handle the calcium ions within its interior 

would be discussed in brief on the next page. 
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Fig. 1.1 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 CPVT mutation in gene is the root cause , discussed in brief as follows: 

o RyR2 gene mutation encodes the cardiac ryanodine receptors accounting for 

the release of calcium from the sarcoendoplasmic reticulum (SR). So many 

mutations with RyR2 allow ryanodine receptors to be opened earlier even with 

lowered calcium concentration.  

o CASQ2 gene mutation results in the impairment of sarcoendoplasmic 

reticulum calcium buffering capability. The instant changes in the 

sarcoplasmic pool of calcium would be buffered less – bringing a larger shift 

of free calcium. This is to be  mentioned here that the calcium is held within 

Sarcoendoplasmic reticulum by a protein ‘Calsequestrin’. This protein also 

regulates the calcium handling by directly modulating RyR2 receptors as well.  

Other variants CPVT3, 4, 5 are also known to the medical science 

De novo mutations during the formation of reproductive cells with no history 

of mutation in the family have been also recorded 

In nutshell , more calcium waves are created with the concerned gene 

mutations – these waves may lie in latent form further to be stimulated by 

adrenergic challenge (exercise or acute emotional turmoil). Now these 

uncontrolled vagabond waves of calcium are kicked out from the cardiac 

myocytes through cell membrane via the sodium-calcium exchanger 

prompting electrical current, known as ‘delayed afterdepolarization’ (DAD) 

and DAD might trigger the initiation of premature ventricular complexes + 

sustained ventricular arrhythmias.  

Handling of calcium ions during Phase 2 ( Cardiac Action Potential ) 

 A transient increase in Ca2+ conductance, resulting in inward current and by 

increase in K+ conductance resulting in outward current 

 Outward and inward currents are approximately equal so that the membrane 

potential is stable. 

 Myocardial excitation –contraction coupling occurs during this phase   

 The stability of current does not allow the creation of transmural voltage 

gradient under normal conditions and thus, there is no question of setting in of 

cardiac arrhythmia during this phase. unless and until there is either structural or 

functional derangement.  

 Handling of calcium ions within cardiac myocytes under normal conditions : 

Entrance of Ca2+ in the interior of cardiac myocytes through                        

T-tubules→ the stored  Ca2+ ions are released from Sarcoendoplasmic 

reticulum (SR) into the cytosol → calcium ions coupled cardiac 

‘Excitation-Contraction Coupling’. 

( The extra calcium is pushed inside SR by Sarcoendoplasmic reticulum 

calcium ATPase. The extra calcium ions might also be pushed outside 

the cardiac myocytes through Na-Ca exchanger mechanism) 
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 Adneregic response to exercise / acute emotional upset leading to the cascade of 

CPVT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Further mechanism leading to Ventricular arrhythmia in CPVT is initiated at          

His-Purkinje fibres. The distal HIS-Purkinje system is considered to play a first role 

in initiating the cascade of ventricular arrhythmia. The abnormal calcium 

microrelease in these Purkinje cells have been shown to be arrhythmogenic. The    

first-cum-fast conduction through these fibres may add to its arrhythmogenic nature.  

The initiation of ventricular arrhythmias through HIS-Purkinje system is likely to 

have either of the following sequences : 

 

Group 1 : Having impulse propagation downwards from HIS-Purkinje fibres with 

local heterogeneties may make the focal myocytes vulnerable to reentrant 

tachycarrhythmias, initiated by triggered beats from HIS-Purkinje system. CPVT 

tissues related reentry results due to the propagation of calcium waves in a circular 

pattern associated with increased intramural ventricular dispersion. Heterogeneities in 

calcium wave propagation results in local cellular depolarization, propagation block 

with subsequent reentry. This setting up of reentry phenomenon might result in 

polymorphic ventricular tachycardia which may degenerate into ventricular 

fibrillation. The entire concept has been clarified with the sketch on the next page : 
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Exercise/acute emotional upset induced adrenergic response (release of 

catecholamines such as adrenaline) → increased Ca2+ concentration within the 

interior of cardiac myocytes through the steps as illustrated below → the 

uncontrolled calcium sparks can make its way out through the cell membrane via 

sodium-calcium exchanger resulting in an electrical current known as delay 

afterdepolarization which might lead to premature ventricular complex (PVC) or 

sustained ventricular arrhythmias  

G Protein bound                  

-receptor 

Fig. 1.2 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group 2 : Bidirectional Ventricular Tachycardia (BVT) based on ‘PING-PONG 

theory. 

This BVT may be imaged as an alternating beat-to-beat QRS axis twisting around 

1800 each time. Baher et al proposed an explanation based on 2D ventricular slice 

model popularily known as PING-PONG theory. This theory states that there is a 

reciprocating delayed afterdepolarization induced ectopic activation from the 

one side to other of the ventricular system giving rise to a bidirectional VT 

pattern on ECG. Thus, this is a possible mechanism based on PING-PONG concept 

at the site of HIS-Purkinje fibres for the initiation of Bidirectional Ventricular 

Tachycardia which is a very much hallmark of CPVT. The PING-PONG mechanism 

is based on the concept that above a certain threshold heart rate, a delayed 

afterdepolarization (DAD) may trigger an action potential that initiates ventricular 

bigemminy, such alternate DADs might responsible for reciprocating bigemminy i.e.  
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Fig. 1.3 

Fig. 1.4 

Cardiac myocyte 



 

bidirectional VT occurs when the second sight develops ventricular bigemminy and 

reciprocally activates the first site by the PING-PONG mechanism. Bidirectional VT 

may even degenerate into polymorphic VT when the increase in heart rate makes 

other additional sites available in HIS-Purkinje system to develop this patterns.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The local ectopic activities are produced at HIS-Purkinje fibres of the ventricular sites ,  

brought about by the outflow of the calcium ions through Na-Ca exchanger, triggering a 

delayed afterdepolarization (DAD) above a certain threshold heart rate induced by adrenergic 

response (exercise / acute emotional turmoil). The Calcium wave depolarizes the concerned 

Purkinje fibre to initiate the first step of reciprocal bigemini over the one ventricle , to excite 

the other one on alternate way to give rise the phenomenon of PING-PONG reciprocal 

bigemini.  

An interesting aspect about BVT in these patients warrants a ‘Red-Signal’ to be 

remembered. These suffering children may develop cardiac arrest on receiving 

adrenaline during the resuscitation procedure as per protocol demand. But this 

adrenaline administration may enhance adrenergic induced response to make the 

condition worsen. In such a situation intravenous opioid or general anaesthesia is the 

recommended step to control the episode. Fleacknide might be the alternative choice.  

The author has put the ‘HYPOTHETICAL PENDULUM CONCEPT’ just to explain PING-

PONG theory.  

There is an another congenital channelopathy which also shows bidirectional VT : 

Anderson-Tawil syndrome LQT7 syndrome - involving multisystem with a triad of periodic 

paralysis , dysmorphic features and ventricular arrhythmias. There may be ventricular ectopi 

which may include Polymorphic VT , Bigemini and Bidirectional VT. This is largely benign 

condition and sudden cardiac death is extremely rare. Bidirectional VT may also be induced 

by some other conditions as well , digitalis toxicity , herbal aconite poisoning, in some cases 

hypokalemia , accelerated idoventricular rhythm (reperfusion arrhythmia in the setting of 

acute myocardium infarction) , ischemic cardiomyopathy , etc.  
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Fig. 1.5 



Key ECG changes in CPVT  
On the basis of the mechanism involved in CPVT , the following features on ECG have been 

recognised : 

 Resting ECG in usually normal 

 There is a progressive occurrence of ventricular ectopy. These ventricular premature 

beats have a right bundle branch block pattern with alternating right and left axis 

deviation, suggesting a left ventricular origin. 

 As heart rate increases as a consequence of adrenergic induced response brought by 

exercise or acute emotional stress.  

 Typically, the onset of ventricular arrhythmias is rate related , appearing after a heart 

rate threshold (120-130 bpm). Frequency with complexity increases as the heart rate 

increases - monomorphic PVC either isolated or in bigemini , non-sustained VT or a 

run of Polymorphic VT / Bidirectional VT might be noticed. 

 Usually the arrhythmia is self-terminating in nature but at times it can degenerate into 

Ventricular fibrillation with sudden death.  

 The arrhythmias may disappear with the elimination of adrenergic induced response.  

 Atrial arrhythmias , such as atrial fibrillation have been reported during exercise 

testing with some adult patients.  

In nutshell ,  with increase in workload , the complexity of arrhythmias progressively 

increases from simple isolated PVC to runs of catastrophic ventricular arrhythmias, at times 

with degeneration into ventricular fibrillation with sudden death. It would be wiser to 

mention here that arrhythmias disappear with the discontinuation of the causative factor but it 

may also re-appear on meeting with adrenergic induced events such as exercise or acute 

emotions.  

A diagnostic approach based on the followings  

 History  

Usually children (mean onset age 7-12 years) with history of syncope often associated 

with seizure induced by exercise or emotional stress. Less frequently , first 

manifestation may occur later in life ; first event even in the fourth decade of life has 

been reported. There might be a history of aborted cardiac arrest. There might be the 

history of exercise or emotion related palpitation and dizziness in some individuals.  

 Family History 

A family history of exercise related syncope , seizure or sudden death has been  

reported in 30% of patients. Family history is mandatory because CPVT usually 

belongs to an autosomal dominant inheritance. The family members might point 

towards the occurrence of Juvenile sudden cardiac death , triggered by exercise or 

acute emotion.  

 ECG 

The resting ECG is usually normal.  

Holtar monitoring or an exercise test can document CPVT by showing the ventricular 

arrhythmias progressively appearing after a heart rate threshold (120-130 bpm). 

 Cardiac Echo 

There should be absence of structural cardiac abnormalities.  
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In nutshell the diagnosis of CPVT can be made by the following diagnostic steps : 

 In the presence of a structurally normal heart with normal resting ECG and 

exercise or emotion induced bidirectional or polymorphic ventricular 

tachycardia  

Or 

 In individuals having genetic mutation positive.  

 

Illustration of CPVT on ECG 
The following ECGs on the subsequent pages illustrate some very important points related to 

CPVT 

 

 

 

 

 

 

Findings :  

 The heart rate is about 140 bpm on ECG with bidirectional VT , as illustrated in Fig 

1.6 and  ECG on Fig. 1.7 showing regular sinus beat with heart rate about 125 bpm. 

These ECGs illustrate the fact that the onset of ventricular arrhythmias are rate related 

in CPVT appearing after a heart-rate threshold (120-130 bpm). 

 The above ECG is having a right bundle branch block pattern with alternating right 

(+1200) and left (-700) axis deviation suggesting its left ventricular origin. The 

alternative set in of right and left axis deviation might indicate the initiation of 

bidirectional VT in between left anterior fascicle and left posterior fascicle Purkinje 

fibres – based on the ‘PING-PONG’ concept of BVT. 

 On this ECG the precordial leads do not show the presence of alternative direction of 

ventricular complexes except the difference in their amplitude – this can be attributed 

to the extreme clockwise rotation.  

 ECG illustrated on Fig. 1.7 also shows the presence of right axis deviation. The pre-

existing RAD might also indicate the other points of distal Purkinje fibres in the left 

ventricle to be involved in the genesis of reciprocal bigemini responsible for BVT.  
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A female 24 years old with history of palpitation – CPVT - Bidirectional 

VT (Source : Global  Heart Rhythm Form by Dr. Fera Hidayati – Famous 

Cardiologist of Indonesia dated 18th Feb..2020 ) 

 

Fig. 1.6 



 

 

 

 

 

 

 

 

               The same patient with sinus rhythm during palpitation free period – HR = about 125    

                 bpm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

BVT (Bidirectional ventricular tachycardia) attributed to alternating ectopic foci 

originating from the left ventricle – left anterior/posterior fascicle ( the “ping pong” 

mechanism). Aggravation of bidirectional VT during exercise test and returning to 

normal during recovery confirm the case to be CPVT (catecholaminergic polymorphic 

ventricular tachycardia). 
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Fig. 1.7 

Fig. 1.8 

 

Pretest During Exercise Test 

Peak Exercise Recovery 



 

 
Concluding remark   
CPVT is very rare channelopathy associated with gene mutations. There are several variants 

of gene mutations , ultimately leading to cytosolic calcium overload resulting in with more 

flooding of calcium waves which may lie in latent form , further to be stimulated by 

adrenergic challenge ( exercise and acute emotional turmoil). This uncontrolled vagabond 

calcium waves are kicked out from the cardiac myocytes through the cell membrane via the 

Sodium-Calcium exchanger mechanism , promoting electrical current known as                 

‘Delayed afterdeporlarization’ (DAD) , triggering the initiation of premature ventricular 

complexes + sustained ventricular arrhythmias.  

There is increasing evidence documented by a mouse model of CPVT showing a Purkinje 

origin of the Ventricular premature beats. The overloading with calcium ions is a more 

common occurrence in Purkinje fibres than in Ventricular myocytes.  
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 A new extremely rare electrocardiographic entity with Typical 

Torsade de pointes having short coupling interval (<350 ms) of 

the first beat of the TdP or of isolated short-coupled PVCs with 

normal QT interval. 

 

 The Action potential distally in the Purkinje fibers is longer and so 

the effective refractory period as well, compared to the action 

potential created by the myocytes 

 

 The longer duration action potential with so effective  refractory  

period in Purkinje fibers prevents the retrograde propagation of 

myocardial impulses, creating no possibility of re-entry phenomenon 

under normal conditions- a natural protective device 

 

 

 

 Age/Sex : mostly males, half of them round 40 years of age or even 

earlier  

 

 5-10% with unexpected cardiac death (SCD) 

 

 This entity first described by Leenhardt in 1994 with a family 

history of sudden death in 30% in all the cases  

 

 A discovery of a separate entity of TdP by Dessertenne in 1966 with 

long coupling interval (600-800 ms) with long QT interval as well 

 In 2002 Haissaguerre et al described its association with 

ventricular fibrillation (VF) preceded by short coupling interval 

originating from distal Purkinje fibers  

 Eisenberg et al showed that a short PVC coupling interval 

increases risk of  SCD 

 

 RyR2 mutations leading to either a decreased RyR2 functions or 

increased  RyR2 leak which may promote triggered activity with 

early afterdepolarization via an increase Ca2+ release.  

 

 Same genetic mutation with varying degrees of gene penetration 

may present itself with different clinical scenario. 

 

 

Biostatistics 

SYNOPSIS 
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(1) Re-entry phenomenon associated with accelerated Purkinje 

fibers repolarization (Gain in Ito function during repolarization) 

A selectively accelerated Purkinje fibers repolarization, which may 

lead to strong repolarization gradient, with the adjacent ventricular 

myocytes, creating electrophysiological substrate for re-entry. Thus, 

the uncoupled myocardial Purkinje cells have a shorter action 

potential duration facilitating the re-entry with short-coupled PVC 

(the retrograde conduction from myocytes to the Purkinje fibers and 

vice-versa is responsible for re-entry) 

 

(2) Triggered activities following early afterdepolarization 

The possible mechanism of early afterdepolarization might be 

operating through sodium-calcium exchanger mechanism which 

comes in action when a mutant ryanodine receptor is not able to 

uptake calcium ions entering the myocytes through L-type channels 

and so the pool of calcium ions is diverted towards the exchanger 

mechanism. The intracellular entry of sodium ions initiate the early 

afterdepolarization. 

 

Mechanical  Stretch  Theory   
The susceptibility of RV MB (right ventricular moderator band) at 

free wall junction to generate short-coupled PVCs is considered to 

be related to mechanical stress of MB during early diastole 

mechanoelectric phase. 

 

Autonomic Nervous System  

In some cases the run of ventricular arrhythmias has been recorded 

to be preceded by a dynamic acceleration over a few beats, possibly 

attributed to vagally deprived effect.  

 

The intermittent presence of isolated or repetitive short-coupled 

PVCs (<350 ms) with  normal QT interval ± potentially lethal 

ventricular arrhythmias – polymorphic ventricular tachcycardia or 

Torsade de pointes (TdP) including ventricular fibrillation , all with 

an unusually short-coupling interval to start with. The pattern in a 

single lead may be suggestive and even sufficient to make the 

diagnosis, although its absence in a single lead does not exclude its 

presence. (TdP is defined as a polymorphic VT > 3 beats with a QRS 

axis twisting around the baseline) 
 

 

 

 

 

 

 

 

 

SCI-QRS + run of VTA 

(PVT, TdP or VF) 

SCI = Short Coupled 

Interval  

VTA = Ventricular 

Tachyarrhythmia 

PVT = Polymorphic 

Ventricular Tachycardia 

TdP = Torsade de Pointes 

VF = Ventricular fibrillation 
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rule out structural 

heart disease 

 

Natural history  

 

 

 

 

 

 

Exercise stress test, Echocardiogram, MRI, Holter monitoring, 

Coronary angiography, 

 

 

 Several episodes of short duration palpitation, syncope with or 

without convulsion ± the history of aborted cardiac arrest   

 

 The clinical scenario may have altered natural course suddenly : the 

spontaneous behavior of arrhythmia is unpredictable  
 

OUTLINE  

Introduction  

Biostatistics 

History  

Genetics 

Mechanism involved in SCV-TdP 

1. Re-entry phenomenon associated with accelerated Purkinje 

fibers repolarization   

2. Triggered activities following early afterdepolarization  

 Mechanical Stretch Theory  

 Autonomic Nervous system (low parasympathetic drive) 

ECG findings associated with SCV-TdP  

Investigations to rule out structural heart disease 

Natural history 

Conclusion  
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    SHORT-COUPLED VARIANT OF TORSADE de POINTES       
    (SCV-TdP) : A NEW ELECTROCARDIOGRAPHIC ENTITY 
                             
 

 

O Heart , thou are well-protected with the smooth and synchronized journey – thy wiring 

with Purkinje-network forms a milched-association with myocytes. Thy such annunciation : 

‘Purkinje-myocytes union’ offers an uninterrupted forward flow of thy current. This creates a 

ruddy pile of strength by making a shining signature over the whole myocardial architecture.  

Such an alliance with Purkinje-myocytes gets lost when there is short-circuiting by a cleaved 

leakage of calcium ions in the vicinity ; aflamed fire is spread so as to birth a flamed ring of 

arrhythmia which might engulf the life of the sufferer (SCD). The flashes of this short-

circuiting lightning might create an uncoupled myocardial-Purkinje bridge with altered action 

potential duration , facilitating the re-entry with short-coupled PVC on ECG.  

 

Introduction     
Short-coupled variant of Torsade de pointes (SCV-TdP) is a new extremely rare 

electrocardiographic entity with short-coupling interval (<350 ms) of the first beat of TdP or 

isolated short-coupled PVCs with normal QT interval. This might be turned into an aflamed 

Fire of malignant arrhythmias. The Purkinje fibres situated so distally are having an action 

potential of longer duration with longer effective refractory period as well, compared to the 

action potential of the corresponding ventricular myocytes. The entire concept is illustrated 

below with the following sketch: 

 

 

 

 

 

 

 

 

 

 

The cardiac electrical activity is well organized at Purkinje-myocardial junction. The 

concerned issue is being detailed on the next page to make the entire concept clear.  
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A Narrative Review  

Purkinje Action Potential 

 Myocardial Action Potential Purkinje-myocardial junctional Geometry 

Model  

Network of purkinje 

fibers 

Fig. 1.1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An important cause of arrhythmogenicity is created by transient outflow current in Purkinje 

fibers. SCV-TdP may be associated with Purkinje network dealing with intracellular Ca2+ 

handling , disturbing the entire cascade of the protective physiology of Purkinje-myocardial 

system.  

Biostatistics      
Being a newer electrocardiographic entity the biostatistics in details are lacking , the 

clinically studies made so far reveal the following : 

 Age / Sex  

Most patient were males , with approximately half of them were 40 years of age or 

younger.  

 Ventricular tachyarrhythmia and Cardiac death  

This entity accounts for unexpected cardiac death (SCD).  

The associated idiopathic ventricular tachyarrhythmias represent a significant 

proportion (5-10%) of all such deaths.  

History   
Exploring the history of any incidence would reveal better steps to be adopted in coming 

years- a guard to rectify the deficiencies of the past to make the future bright. History is a 

relay station of future revolution.  

 This new syndrome came into existence in 1994 when first described by Leenhardt            

et al. This group of researchers noticed some peculiar findings on the ECG : Typical 

Torsade de Pointes , with unusually short coupling intervals (<350 ms) of the first 

beat of the Torsade de Pointes or of the isolated PVCs – all these characteristics 

pointed towards this new ECG entity. There was no long QT interval in association at 

any time , but there was a family history of sudden death in 30% of all the cases. 

  

Purkinje-myocardial junctional Geometry Model 

(Under normal conditions) 

 

 The impulses from subendocardial network of Purkinje fibers pass to the ventricular 

myocardial cells to activate them. 

 The action potential distally in the Purkinje fibers is longer and so the effective 

refractory period as well, compared to the action potential created by the myocytes. 

 Purkinje fibers conduct its impulses having relatively equal velocities to excite the 

ventricular myocardium in an uniform and harmonized manner.   

 The longer duration of action potential with so effective refractory period in Purkinje 

fibers prevents the retrograde propagation of myocardial impulses. 

 The net result is the activation of the entire ventricular myocardial mass without 

retrograde propagation to the Purkinje fibers, creating no possibility of re-entry 

phenomenon under normal conditions – a natural protective device.  

 This model illustrates the coupled harmonized mechanism associated with unified 

forward journey of ‘Purkinje-myocardium’ unit without retrograde conduction 

with no occurrence of re-entry phenomenon.  
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 It would  also be worth mentioning here the discovery of TdP by Dessertenne in 1966 

– his description of TdP on ECG pointed towards a completely separate entity :  

o Progressive changes in morphology , amplitude and polarity of the QRS 

complex with peaks twisting across the baseline before spontaneous 

termination.  

o In contrast to the ECG pattern discovered by Leenhardz et al, Dessertenne 

noticed a short-long-short cycle that triggered the tachycardia , usually after 

long- coupling interval (600-800 ms) with long QT interval.   

o This entity was found to be associated with long QT syndrome in its 

congenital or acquired forms , as well as with precipitating factors such as 

electrolyte imbalances.  

 In 2002, Haissaguerre et al described the association of ventricular fibrillation (VF) 

preceded by short-coupling interval originating from distal Purkinje fibers as the main 

triggering factor of Idiopathic VF. This short-coupling interval associated with 

ventricular extrasystoles were found to be located at the several sites of the Purkinje 

system , including mainly the anterior right ventricular region,  and large areas of 

lower half of the left ventricular septum.  

 Eisenberg et al in a series of 15 patients showed that a short PVC coupling interval 

increases the risk of SCD.  

Genetics    
This syndrome requires a genetic analysis due to two reasons – 

1) 30% of such cases have a family history of sudden death of unknown aetiology.  

2) Even asymptomatic cases of this syndrome may reveal occasional occurrences of 

short-coupled ventricular extrasystoles on ECG. 

 

 The genetic analysis revealed three novel RyR2 variants – all located in the 

cytoplasmic region.  

 The genetics associated with SCV-TdP is currently incompletely understood. Two 

recent studies have linked SCV-TdP with RyR2 mutations leading to either a 

decreased Ry2R function or increased RyR2 leak which may promote triggered 

activity with early afterdepolarization via an increase Ca2+ release.  

(Reference : Catheter ablation of short-coupled variant of torsades de pointes 

Johannes Steinfurt et al 

Clinical Research in Cardiology  

https://link.springer.com/content/pdf/10.1007/s00392-021-01840-z.pdf 

Received: 15 November 2020 / Accepted: 7 March 2021) 

 There is a stabilizing gene (FKBP12.6) on RyR2 membrane channel. This remarkable 

theory developed by Andrew Marks Team suggested that the dissociation of this 

stabilizing gene from the RyR2 channel would induce Ca2+ leaks during diastole. This 

unstable channel is more prone to leakage. (Reference :A SPRY1 domain cardiac 

ryanodine rececptor variant associated with short-coupled torsade de pointes, Zahia 

Touat-Hamici et al Scientific Reports Volume 11, Article number : 5243 (2001),                                       

https:// www.nature.com/articles/s41598-021-84373-9 ) 

 It has been found that the same genetic mutation with varying degrees of gene 

penetration may present itself with different clinical expressions. Therefore, 

individuals with most severe forms of disease might potentially trigger malignant 

arrhythmia without necessarily having a coupling interval <350 ms.  
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Mechanism involved in SCV-TdP  
There are two hypothesis proposed are either re-entry phenomenon associated with Purkinje 

fibers accelerated repolarization or triggered activities following early afterdepolarization.  

1) Re-entry phenomenon associated with Purkinje fibers accelerated repolarization  

The studies made so far suggest that SCV-TdP may be associated with Purkinje 

network with intracellular calcium handling. Although the mechanism underlying this 

syndrome remains unclear but as discussed earlier this may have a genetic 

background - about 30% of the cases have a family history of sudden death of 

unknown aetiology. The net result of RyR2 mutations may be associated with a 

slightly increased Ca2+ releasing activity in the Purkinje fibers. There is a selectively 

accelerated Purkinje fiber repolarization , which may lead to strong replolarization 

gradients , with adjacent ventricular muscle , creating electrophysiological substrate 

for re-entry. Thus , the uncoupled myocardial Purkinje cells have a shorter action 

potential duration facilitating re-entry with short-coupled PVC. The entire concept has 

been illustrated by the following sketch (now the retrograde conduction from 

myocytes to the Purkinje fibers and vice versa is possible by opening the gate for     

re-entry phenomenon) 

 

 

 

 

 

 

 

 

 

 

 

According to the re-entry mechanistic classification of primary arrhythmogenic 

diseases causing sudden cardiac arrest suggested by Haissguerre et al , SCV-TdP 

should be classified as IVF (Idiopathic ventricular fibrillation) from Purkinje 

myocardial sources.  

2) Triggered activities following early afterdepolarization  

Early afterdepolarization in intact cardiac tissue was described nearly a half century 

ago as a form of triggered activity. The induction of short-coupled PVCs with atrial 

overdrive pacing and its suppression with Verapamil while treating such cases support 

triggered activity as the underlying mechanism of SCV-TdP.  
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Purkinje Action Potential 

 Myocardial Action Potential  

Network of purkinje 

fibers 

Selectively accelerated Purkinje fibers with shortened action 

potential duration facilitating re-entry with short-coupled PVC  

Reentry phenomenon  
Fig. 1.2 



The action potential with shorter duration of Purkinje fiber is claimed to be associated 

with malhandling of Ca2+. This resultant shorter action potential may influence nearby 

Purkinje network to excite early afterdepolarization phenomenon (during 2/3 phase of 

action potential). This concept has been illustrated with the following sketch: 

 

 

 

 

 

 

 

 

 

 

The possible mechanism of early afterdepolarization might be operating through Sodium-

calcium exchanger mechanism which comes in action when a mutant ryanodine receptor is 

not able to uptake calcium ions entering into the myocytes through L-type channels and so 

the pool of calcium ions is diverted towards the exchanger mechanism. The intracellular entry 

of sodium ions initiates the early afterdepolarization induced triggered activities.   
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Purkinje-myocardial junctional Geometry 

Model  

Network of purkinje 

fibers EAD triggered activities 

Early afterdepolarization (EAD) triggered activities 
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Mechanical stretch theory  
This is a well known anatomical fact that Purkinje fibers from the right bundle branch run 

along with the moderator band (MB) and arborize via this band at the free wall of the right 

ventricle , as illustrated by the following sketch :  

 

 

 

 

 

 

 

 

 

 

The origin of the SCV-TdP was mapped by recording Purkinje potential at the region of the 

free wall of the right ventricle through High-resolution 3D mapping. The susceptibility of  

RV MB free wall junction to generate short-coupled PVCs is considered to be related to a 

mechanical stress of the MB during early diastole mechnoelectric phase. ECG findings in 

favour of this site of right ventricular free wall are superior axis with late transition LBBB 

pattern associated with  coupling interval of less than 350 ms.  

Occasionally the site of origin has also been reported to be the inferoseptal right ventricle.  

A particular profile of the autonomic nervous system  
In some cases the run of ventricular arrhythmias has been recorded to be preceded by a 

dramatic sinus acceleration over a few beats , possibly attributed to a vagally deprived effect. 

The occasional enhanced arrhythmogenic effect by the atropine administration has been 

recorded due to the same vagally deprived effect. This observation favours the role of low 

parasympathetic drive (an increased sympathetic drive would be unlikely to be involved , and 

the beta-blockers are not effective in the termination of arrhythmias). 

ECG findings associated with SCV-TdP  
Most SCV-TdP originate from Purkinje fibers without the presence of structural heart disease  

and possibly due to this reason there is a run of ventricular arrhythmias with short-coupling 

interval (<350 ms) , the mechanism already explained.  

Short-coupled interval points towards critically coupled PVCs which occur during the 

vulnerable phase.  
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Purkinje fibers within 

moderator band  
Fig. 1.5 



 ECG changes associated with this syndrome are summarized , as follows within the box : 

 

The intermittent presence of isolated or repetitive short-coupled PVCs (<350 ms) with 

normal QT interval + potentially lethal ventricular arrhythmias – polymorphic ventricular 

tachcycardia or Torsade de pointes (TdP) including ventricular fibrillation , all with an 

unusually short-coupling interval to start with. The pattern in a single lead may be suggestive 

and even sufficient to make the diagnosis , although its absence in a single lead does not 

exclude its presence.  

TdP is defined as a polymorphic VT > 3 beats with a QRS axis twisting around the baseline. 

 

In the long run , the spontaneous behaviour of arrhythmia is unpredictable. Even a short 

interval of time ‘a few seconds’ may alter the architecture of ECG. That’s why many such 

cases with the syndrome may die suddenly because of ventricular fibrillation. And there 

would be no surprise to notice that this form of malignant arrhythmia frequently presents with 

ventricular fibrillation (VF) electrical storm.  

 

 

 

 

 

 

 

 

Investigations to rule out structural heart disease  
 Exercise stress test is negative for ischemia  

 Echocardiogram – structurally normal heart with preserved biventricular function, no 

regional wall motion abnormarmility or any structural change. 

 Cardiac magnetic resonance imaging (MRI) : rules out structural heart disease.  

 Holter monitoring may show several spells of Polymorphic VT/PVCs with preceding 

short coupling interval.  

 Coronary angiography rules out the presence obstructive coronary artery disease.  

Natural history  
 Spontaneous onset with spontaneous recovery (several episodes of short duration 

palpitation , syncope with or without convulsion + the history of aborted cardiac 

arrest). 

PVC 

Non-sustained PVT 

Short-coupling 

interval  

( < 300 ms ) 

Normal QT 

interval 
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Fig. 1.6 



 Recurrences of such symptoms in the absence of structural heart disease may point 

towards short-coupled variant of Torsades de pointes which must be confirmed by the 

proper investigation as well.  

 Here to mention that smaller the coupling interval with extrasystoles on ECG , greater 

is the risk of spontaneous polymorphic ventricular tachycardia and therefore, there is 

possibility of sudden death due to associated ventricular fibrillation. 

 The clinical scenario in such cases might be suddenly altered – the spontaneous 

behaviour of arrhythmia is unpredictable.  

Conclusion  
Short-coupled variant of Torsade de Pointes (SCV-TdP) is potentially a life threatening 

arrhythmia and it become essential to recognise this entity on the earliest oppurtunity. The 

recorded ECG is having remarkably short-coupling interval (<350 ms) with normal QT 

interval in the absence of structural heart disease. The exact mechanism of arrhythmogenesis 

is unclear but the observations support the mechanism to be related with Purkinje-myocardial 

sources.  

The diagnosis of this arrhythmia is of paramount significance since the proper therapeutic 

approach including calcium channel blocker (Verapamil) with timely placement of ICD or 

even catheter ablation may be effective in reducing or suppressing arrhythmic episodes.  

SCV-TdP  has a high incidence of sudden death and therefore , this arrhythmia is needed to 

be understood properly.  
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