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The Fire flame of Day in action kneels down , the evening slips smoothly into the nighty 

hours of rest. The life is sweetened by this pilgrim-journey of day and night – a perpetuation 

of motion with rest in happiness.   

‘O’ Heart , thou electrical potential working with a logical basis of performance enjoys the 

same gracious journey , thrilling the spirit with the sweeps of action and rest.  

1. Introduction 

The QT interval denotes the duration of ventricular electrical systole , measured from the 

beginning of the QRS complex to the end of the T wave. In other words , the QT interval 

dictates the time for both ventricular depolarization and repolarization  to occur and therefore,  

roughly estimates the duration of ventricular action potential.  

QT = QRS + ST segment + T wave (in term of Time).  

QTc interval ranges from 0.35s to 0.44s in males / 0.46s in females ;  

QTc is short if <0.35s 

QRS complex denotes the depolarizing current and so the subtraction of the QRS duration 

from the QT interval may be necessary when estimating the duration of repolarization 

independent of the depolarization duration. Though this procedure provides potential 

accuracy , there is a difficulty in determining the end of the QRS complex – hence QT 

interval is in practice.   

2. Electrophysiology concerned with QT interval  
The initial component of QT interval – QRS is initiated by the depolarizing current (Na+ 

channel) spreading from the endocardium towards the epicardium (Phase 0) followed by a 

transient flow of K+ ions out of the cells , making the membrane potential slightly more 

negative – inscribing a notch on the action potential waveform (Phase 1).  
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The grey box indicates extracellular compartment and the red 

space below indicates intracellular compartment of the ventricular 

myocytes.  

Fig. 1.1 
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The next phase 2 is to keep the ventricular mass with reversed polarity (negativity over the 

outer cell membrane and positivity over the inner cell membrane , opposite to the cell 

membrane polarity at rest). The purpose aims at the creation of dynamic isoelectric phase so 

that Ca2+ conductance inside and K+ conductance outside may take place to bring ‘excitation-

contraction coupling’  with  harmonized myocardial contraction (this is reflected on ECG as 

ST segment).   

With the subsequent closing of  Ca2+ channels, the phase 2 gets completed and there is a 

sequential opening of the K+ channels (Phase 3). The delayed rectifier potassium channels  

(Ikr, Iks) are first to be opened to bring the efflux of the K+ from intracellular compartment to 

extracellular compartment. The next is the opening of Iki chnnels resulting in inward pushing 

of K+ ions into the intracellular compartment.  Due to this efflux and influx of K+ ions there is 

a potential difference across the cell membrane being reflected by a wave – known as T-

wave.  

And at the end , there is restoration of resting stage (Phase 4) brought about mostly by Na+-

K+ ATPase pump. 

The entire concept of Rectifier Potassium Channels is illustrated as below :  

 

 

 

 

 

 

*IKACH and *IKATP play its important role as inward rectifier current under specific 

circumstances. Vagal stimulation causes activation of IKACH and conditions like hypoxia / 

myocardial ischemia results in the activation of IKATP. Both these activations cause the QT 

interval to be shortened  : 
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Rectifier Potassium Channels 

Delayed rectifier outward channels Inward rectifier channels  

IKr IKs IK1 *IKACH *IKATP 

Delayed rectifier outward currents  

The delayed rectifier potassium channels allow a sustained K+ efflux during 

repolarization . These group broadly consists of  Ikr  and Iks.  

Inward rectifier current  

The inward rectifier channels (IK1 , IKACH , IKATP) push the K+ inside the cardiac cells 

and hence the nomenclature.  

 

Fig. 1.2 



It would be better to have a bird’s eye view over the following sketch to understand the 

concept of ionic environment inside and outside the cardiac membrane.  

 

 

 

 

 

 

  

 

 

 

 

 

3. Why we are concerned with shortening of QT interval ? 

Shortening of QT interval may induce lethal ventricular arrhythmias. In order to have 

the basic concept it would be better to divide the QT interval as follows : 

 ST segment (inward Ca2+ conductance and outward K+ conductance leading to  

Ventricular contraction). 

 Heightened dynamics of Ikr , Iks and Iki  

 Activation of adenosine triphosphate – sensitive potassium channel (IKATP) 

 Activation of acetylcholine – sensitive potassium channel (IKACH)  

 Resetting of the cardiac action potential by Na+-K+ATPase Pump  

The changes described above might be responsible for shortening of the QT interval under 

specific circumstances.  

NB : The mechanism involved in ventricular arrhythmias. 

A Proposed hypothesis : Any change , as mentioned above , may shortened the QT interval 

which may disturb the potassium homeostasis during the repolarization phase. The K+ is 

likely to play its role as a protective mechanism against ventricular arrhythmias because the 

K+ conductance smoothly re-establishes the resting membrane potential. Therefore , there is a 

harmonized polarity across the cardiac cell membrane , nullifying the possibility of 

transmural potential dispersion during repolarization. This is well-known that shortened QT 

interval creates transmural dispersion during repolarization.  

The transmural dispersion of repolarization : The action potential shortening here occurs 

to a greater extent in some layers of the cardiac walls than in others.  It , thereby , indicates 

that some layers of the cardiac myocytes are fully repolarized and so they are ready to 

contract and the reverse is also true , the other layers are only partially repolarized and so 

remaining within their refractory period, unable to be re-excited.                         
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Fig. 1.3 
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A triggering impulse in the presence of short effective refractory period may be met with a 

critical point in 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.  

 

 

 

 

 

 

 

 

 

4. Potential causes of shortened QT interval with its underlying 

mechanism  

 Shortening of the ST segment : Hypercalcaemia 

 Short QT syndrome (a genetic condition) due to reduced influx of calcium during 

the plateau phase 2 and increased potassium efflux during the phase 3 as illustrated by 

the following sketch : 

 

 

 

 Activation of adenosine triphosphate – sensitive potassium channel (IKATP)  

Exposure to several metabolic insults such as hypoxia and ischemia lead to opening of 

the ATP-sensitive potassium channels and thereby , causes the amplified influx of K+ 

inside the cardiac cells with subsequent shortening  of the action potential with 

attenuated contraction.   

Effect of catecholamines through Beta-adrenoceptor may also induce activation of 

ATP-sensitive potassium channel. 

 Activation of acetylcholine sensitive potassium channel (IKACH) by heightened 

vagal tone. This may lead to deceleration-dependent shortening of the QT interval – 

known as paradoxical QT interval shortening with a decrease in heart rate instead of 

being increased.   

 

 

ARRHYTHMOGENESIS WITH SHORTENED QTc 

 
 Short ventricular effective refractive period  

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

myocardium (subendocardial, subepicardial  and  mid-myocardial cells) 

repolarize at different rates. 

 A triggering impulse (ventricular extrasystole) arriving at a 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. 
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Fig. 1.4 

Fig. 1.5 



 Inhibition of Na+-K+ATPase pump 

The main mechanism of action of digitalis is on the sodium-potassium ATPase of 

the myocyte. It reversibly inhibits the ATPase resulting in increased intracellular 

sodium levels. The build-up of intracellular sodium leads to a shift of sodium 

extracellularly through another channel in exchange for calcium ions. The calcium 

entry inside leads to enhanced cardiac excitation contraction coupling resulting in 

shorted QT interval.  

 

5. Illustration by ECGs 

ECG No. 1 : Hypercalcaemia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Source : Prof. Dr. A.N. Rai , Former Prof. & Head of Medicine and Principal ANMMCH , Gaya Bihar ; Chairman      

  AIMS, Gaya   

 

74 years old male, a chronic smoker was evaluated for Polydypsia, Polyuria, Fatigue and Pain 

abdomen. Physical Examination was unremarkable. X-ray Chest PA normal. Blood Sugar, 

Urea, Serum Creatinine , Na+, K+, Cl- and HCO3 - were all normal but serum calcium 12 

mg/dL.  

 

ECG findings : 

I. Shortening of QTc (0.34s) interval with a virtual absence of ST segment which is 

hardly discernible.  

II. There is widening of T wave to counteract the short QT interval – an effect of 

hypercalcaemia.  

III. The ‘J” wave (Osborn wave) is also seen over V3. 
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ECG No. 2 : Short QT syndrome 

 

 

 

 

 

 

 

 

 

 

 

 

Source : Global Heart Rhythm Forum (15.05.2019) by Dr. R. Rajasekar , Eminent Diabetologist and Senior 

Consultant in Medicine , Kumbakonam  

A young adult male who experienced cardiac arrest 

ECG findings : 

I. QT and QTc intervals respectively : 0.32 and 0.32 ms both are equal and unchanged. 

II. Tall / peaked T , best seen over precordial leads V1-V4. 

Discussion : 

1. Short QT syndrome (SQTS) is a very rare genetically determined heterogeneous 

disease with inherent mutation defect producing a typical pattern on ECG.  

2. Here QTc interval shorter than 0.36 and 0.37s in males and females respectively with 

tall / peaked T wave is the diagnostic pointers of SQTS when supported by symptoms 

or family history  

The sketch to explain SQTS : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

delayed rectifier potassium current.  
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Fig. 1.6 



ECG No. 3 : Deceleration – dependent shortening of the QT interval  

 

 

 

 

 

 

 

 

 

  Source : Prof. Dr. A.N. Rai , Former Prof. & Head of Medicine and Prinicipal ANMMCH , Gaya Bihar ; Chairman      

  AIMS, Gaya   

Middle-aged women presented with cardiac arrest, the ECG was taken after resuscitation. 

Patient fainted while attending marriage party. Temperature normal. Patient died in 

emergency ward following second cardiac arrest 

ECG findings : 

I. Marked Sinus Bradycardia - heart rate being 26 bpm  

II. Very short QT interval (0.10s) : merging of ST segment with QRS (ST segment not 

discernible at all) 

III. ST segment elevation over V2 , V3 ,V5,V6. 

IV. T wave abnormality  

Marked Bradycardia with so much shortening of QT interval as mentioned above with 

accompanying T wave abnormality is indicative of ‘Deceleration – dependent shortening of 

the QT interval’ (normally QT interval lengthens with bradycardia – here just the reverse , 

there is a shortening of QT interval with  Bradycardia). 

Discussion  

1. The proposed mechanism is the activation of the acetycholine-sensitive potassium 

channel (IKACH) leading to deceleration - dependent shortening of the QT interval i.e. 

Paradoxial QT interval shortening with marked Braycardia.   

2. ST elevation as mentioned over V2 ,V3 ,V5 ,V6 might be indicative of acute episodes 

of MI. 

3. The activation of the IKACH  - sensitive potassium channel due to heightened vagal 

discharge to the heart is proposed as a possible mechanism resulting in slowing of the 

heart rate and shortening of the QT interval both. This vagal stimulation might be the 

result of myocardial infarction induced reflex cardioprotection. There seems to be a 

possibility that myocardial infarction with heightened vagal stimulation might have 

resulted in cardiac arrest.  
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6. Concluding remark 

Shortening of QT interval though rare but is encountered at times in clinical practice. 

Keeping this in view it becomes essential to know about this subject so that every possible 

effort may be extended to save the life of the patient. 
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