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Introduction  

QTc prolongation is mainly a measure of delayed ventricular repolarization :              

Two types congenital and acquired , the acquired being commoner , usually either 

due to drug-induced or as a result of electrolyte disturbances.  
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Electrophysiology concerned with QTc prolongation   

o By binding to and inhibiting the rapid delayed rectifier potasisum channel 

(Ikr)  protein  

o Low extracellular potassium also reduces Ikr protein by its accelerated 

inactivation  

 

What is QTc prolongation in term of its measurement ? 

 An “upper limit” of 460 ms in patient <15 years of age (similarly 

applicable to males and females both in this age group) 

 >440 ms in males and >460 ms in females 

The mechanism of ventricular arrhythmia associated with prolonged 

QTc interval 

 Early afterdepolarization 

 Prolonged ventricular intramural dispersion 

 

 Illustration of associated ventricular arrhythmias :                                 

R on T phenomenon 

 

 Risk factors for QTc prolongation 

 

 Precautionary steps 
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Drugs causing the prolongation of QTc interval  
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O Heart , Thou smile kindles a smooth path for the electrical current to flow.   

At times thou are hurled by the ripples of unwanted electricity of cardiac arrhythmias , which 

may even break relationship with life – sudden cardiac death. This happens so by delaying 

the duration of thy ventricular repolarization – QTc prolongation.    

 By binding to and inhibiting the rapid delayed rectifier potassium channel protein 

(Ikr) – what happens with certain drugs 

 Low extracellular potassium also reduces Ikr by its accelerated inactivation 

       Clinicians run to thy rescue – let the soul be smiling with the healthy heart. 

1. Introduction 

QTc prolongation is mainly a measure of delayed ventricular repolarization , which means 

the heart muscle takes longer time than normal to repolarize itself between beats. Two types 

of QTc prolongation are encountered in clinical practice : congential and acquired , the 

acquired being commoner , usually either due to drug-induced or as a result of electrolyte 

disturbances.  

QTc prolongation can trigger dangerous arrhythmias such as Torsades de Pointes (TdP) , 

associated with high all – cause mortality in such patients.  

One study in France revealed that between 5-7% of reports of ventricular tachycardia , 

ventricular fibrillation , or sudden cardiac death existed in fact due to drug-induced QTc 

prolongation. And a study from the Netherlands showed that 3.1% of patients experiencing 

sudden cardiac death were also using  QT prolonging drugs.  

Under such circumstances it is a dire necessity to study this topic.  

2. What is QTc prolongation in term of its measurement ? 

Several recent reviews have suggested the following measurements for the QTc prolongation: 

 An “upper limit” of 460 ms in patient <15 years of age (similarly applicable to males 

and females both in this age group) 

 >440 ms in males and >460 ms in females.   

In this algorithm , any QTc value within 20 ms of these designated upper limits 

(borderline) warrants a clinician to be alert – an alarm before the storm sets in.  

10% to 20% of otherwise healthy persons may have QTc value outside its normal range.  
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The useful rule of thumb at a glance is that with 

normal heart rate of 60-100 beats/min , the QT 

interval should not exceed half of the RR interval.  

 

Fig. 1.1 



 QTc over 500ms is usually associated with high all-cause mortality reflecting its 

increased risk to Torsades de Pointes (TdP) – a polymorphic VT twisting on its axis.  

3. Electrophysiology concerned with QTc prolongation  

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

certain specific pores over the cardiac membrane through which the ionic inflow and 

outflow occur - these are known as Cardiac channels.  

There are 4 phases in the cycle of action potential as illustrated below : 

 The rapid inward flow of Na+ during Phase 0  

 A brief outward flow of K+ during Phase 1 

 The inflow of Ca2+ with simultaneous outflow of K+ during Phase 2 (Plateau Phase) 

 Cessation of Ca2+ inflow followed by outflow of K+ during Phase 3  

Phase 0 represents the stage of depolarization and the rest phases represent the stage of 

repolarization. The primary repolarizing current is contributed by Phase 3 of the action 

potential.  

At the end there is restoration to the resting potential termed as Phase 4 , set in mostly by 

coupled Na+-K+ ATPase pump.  

  

 

 

 

 

 

 

 

 

 

Malfunction of IKr channel  IKr channel is the primary repolarizing channel which 

contributes to the genesis of phase 3 of the action potential. Any factor that impairs this 

channel can cause QTc prolongation by itself.   

o By binding to and inhibiting the rapid delayed rectifier potasisum channel (Ikr)  

protein : certain drugs decrease the outflow of potassium ions (a long QTc interval is most 

freqently seen with Class I and Class III antiarrhythmic drugs). 

o Low extracellular potassium also reduces Ikr protein by its accelerated inactivation 

resulting in somewhat more prologned T wave with its decreased amplitude. With more 

degree of hypokalemeia , T and its accompaniant U wave both are fused together leading 

to long QTc interval (U wave prominence is mostly due to underlying prolonged Purkinje 

fibre repolarization). 
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The grey box indicates extracellular compartment and the red 

space below indicates intracellular compartment of the ventricular 

myocytes.  
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Fig. 1.2 



When the serum potassium concentration is <2.7 mEq/L , the QTc prolongation on ECG is 

compatible with hypokalemia in most of the cases (normal serum potassium level = 3.5-5.5 

mEq/L).  Low serum potassium may be associated with low serum magnesium as well. 

 
  

4. The mechanism of ventricular arrhythmia associated with        

prolonged QTc interval  
 

 Early afterdepolarization  

Normally the repolarization phase consists of two periods : Effective refractory period 

(ERP) covering phase 1 and 2 and Relative refractory period (RRP) covering the 

most part of the phase 3. During the effective refractory period , the new premature 

impulse (whatever may be the cause) cannot be entertained and so this period is 

absolutely refractory in nature. With QTc prolongation the relative refractory period 

(RRP) is lengthened to be responsive to a new triggering inputs provided it is strong 

enough. The term early afterdepolarization includes the late part of the phase 2  

and/or 3 of the action potential which may be triggered by PVC to initiate 

ventricular arrhythmia.  

 

 

 

 

 

 

 

 

 

 Prolonged ventricular intramural dispersion  

The ventricular myocardium consists of epicardial cells (those near the surface) , M 

cell and endocardial cells (just next to the ventricular cavity). By electrophysiological 

properties cardiomyocytes near the epicardium depolarize last and repolarize first. 

Time taken by intermediate posed M cells for repolarization is the longest , 

endocardial cells are having intermediate in time oriented repolarization process. So 

the sequence of repolarization is : epicardial cells – endocardial cells – M cells. The 

intrinsic difference in the activity of the various ion channels existing in between 

these three cell types is responsible for what is known as transmural dispersion of 

repolarization. This phenomenon is assocaited with malfunctioning of IKr 

channel resulting in QTc prolongation. This can also be a nidus for re-entry cycle 

in the continuation of Torsades de pointes. 
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Effective refractory period (ERP)  

During this effective refractory period a new premature 

impulse cannot be entertained and so this period is absolutely 

refractory in nature.  

All the fast Na+ channels are inactivated - as a consequence, 

no stimulus is sufficient to evoke any response. 

 

 Relative refractory period (RRP)  

A new incoming impulse can be entertained but it should be 

a strong enough.  

The cardiac muscle in this phase of repolarization can pave a 

way for the opening of Na+ channel under a strong premature 

stimulus (a short circuit – the Na+ will flow inside and the 

K+ will flow outside).  

 

Fig. 1.3 
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5. Illustration of associated ventricular  arrhythmias :                                     

     R on T   phenomenon 

R on T phenomenon is mainly responsible factor for such ventricular arrhythmias to be 

initiated. R wave touches the vulnerable part of the preceding T wave which is being covered 

by relative refractory period (RRP) – a strong triggering factor might be sufficient to initiate 

the cycle of ventricular arrhythmias in operation with other factors , as illustrated below : 

 

Prolonged QTc interval   Prolonged ventricular intramural dispersion 

            Early after depolarisation  (EAD) 

          Premature ventricular Contraction (PVC) 

                      PVC on the preceding T wave (R on T phenomenon) 
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Fig. 1.5 

Fig.  1.4 
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Fig.  1.6 

QTc interval exceeding 500 ms may be associated with Torsades de pointes (Tdp). 

Usually TdP is preceded by a run of long RR interval followed by a short extrasystolic 

interval with premature depolarization resulting in R(/S) on T phenomenon. In order to have 

long RR interval a short RR interval cycle is initiated in the beginning by one or more 

extrasystolic ventricular contractions. It is also known fact that the presence of severe 

bradycardia with advanced atrioventricular (AV block) is seen as basic rhythm before the 

onset of TdP. The longer RR interval preceding TdP is the pre-requisitic for this ventricular 

arrhythmia to be initiated.    
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6. Risk factors for QTc prolongation  

An individual having prolongation of QT interval may have additional risk factors, 

which must be taken into consideration.  

Unmodifiable risk factors 

 Female gender (present in 70% of cases) 

Most likely as a result of post-pubertal hormonal influences over cardiac ion channels , especially      

Ikr with its down-regulation.  

 Old age  

QTc prolongation generally increased with advancing age due to age-related electrophysiological and 

structural changes which may enhance the risk of potentially life-threatening arrhythmic events. This 

age group may also be associated with impaired renal function .  

 Genetic predisposition  

o Congenital long QTc syndrome  

o Family history of sudden death  

o History of previous drug induced QTc prolongation  

 Structural heart disease / Left ventricular dysfunction reflecting decreased repolarization 

reserve.  

 Impaired elimination due to renal or hepatic disease.  

 

Potentially modifiable risk factors  

 Electrolytes disturbances  

Hypokalaemia , hypomagnesemia, hypocalcaemia  

 Absolute or relative bradycardia (including recent conversion from AF) 

 Drug interaction  

o The concurrent use of more than one QT prolonging drugs.  

o Drugs that inhibit the metabolism of other QT prolonging drug 

o Drugs that cause electrolyte abnormalities or may impair renal or hepatic function .  

 Lifestyle changes  

o Obesity  

o Chronic alcoholic 

o High anxiety is associated with increased QT dispersion  

 High drug concentrations due to its overdosing or rapid IV administration  

 Miscellaneous  

o Starvation / dehydration 

o Hypercholesterolemia , Thyroid disorders , Diabetes , Covid-19 infection 

NB : The QTc interval has been found to be longer in pregnant women in comparison to non-

pregnant women ; but it is within normal range in both groups. With a pregnant women a 

thorough search should be made to uncover any other risk factor apart from the gender.  
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7. Precautionary Steps   

Clinicians are advised to ponder over the following points while considering the 

cause of prolonged QTc. 

 Screening of the risk factors for QTc prolongation with an aim to correct the 

potential modifiable. 

 

 If there are risk factors for electrolyte disturbances , electrolyte should be 

measured periodically and an aim to correct them should be kept in mind. 

 

 All patients should be advised to report symptoms of arrhythmia or any condition 

that might lead to hypokalemia or renal dysfunction.  

 

 Baseline ECG should be recorded in high risk patients or in patients receiving 

more than one QT prolonging drugs , also in all patients reporting with symptoms 

of arrhythmia.  

 

 Halt the habit of prescribing QT prolonging drugs and anti-arrhythmic drugs 

(Class I or Class III) simultaneously. 

 

 Most drugs that prolong the QT interval work in a concentration dependent 

manner.   

 

 If QT prolongation (>500ms) or symptomatic arrhythmia occurs , the medicine 

should be discontinued unless there are compelling indications to continue and 

specialist advise from a cardiologist should be sought. Investigations for 

congenital long QT syndrome may be appropriate to consider when the QTc fails 

to normalize after the discontinuation of the concerned drug.  

 

 Patients should be advised to have sufficient intake of water to avoid dehydration. 

Patients should also be advised to avoid consuming grapefruit juice and they 

should be encouraged to adopt a healthy lifestyle pattern. 

8. Drugs causing the prolongation of QTc interval  

A special consideration is required when prescribing drugs like anti-infectives, diuretics, 

anti-emetics/gastric motility agents ,  anti-psychotics, anti-depressants, antihistamines 

and anti-arrhythmics, etc. , which may prolong the QTc interval.  
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Whenever there is need to verify the role of drug in inducing prolonged QT interval , one 

should consult the concerned pharmacopoeia.  

A list of some of the drugs causing QTc prolongation is outlined below. The available 

clinical evidence suggests that additional risk factors must be present before drug 

induced QTc prolongation + TdP occur. In most reported cases at least one additional 

risk factor was present and in 70% of cases two risk factors were present.  

 

A list of some of the drugs causing the prolongation of QTc interval : 

This should always  be kept in mind that most drugs which prolong the QT interval 

behave in a concentration-dependent manner.  

o Anti-infectives  

Antibiotics 

 Microlides :  Clarithromycin , Erythromycin , Azithromycin  

 Fluroquinolones : Levofloxacin , Ciprofloxacin , Gatifloxacin , 

Moxifloxacin 

   

 

Others 

 Anti-malarials :  Chloroquine, Hydroxychloroquine 

 Anti-fungals : Ketoconazole , Itraconazole   

 

 

o Anti-ematics  

 Domperidone , Ondansetron 

 

o Anti- antipsychotics 

 Typical antipsychotics : Chlorpromazine , Haloperidol , Thioridazine 

 Atypical antipsychotics : Quetiapine  , Risperidone , Ziprasidone 

 

o Anti- deppressants  

 SSRIs (selective serotonin re-uptake inhibitors) 

 An ECG is recommended before patients are prescribed SSRI 

agents citalopram and escitalopram if the prescribed dose is above 40 

mg or 20 mg per day, respectively. 

 Fluoxetine 

 Paroxetine 

 Sertraline 

 SNRIs 

 Venlafaxine 

 Tricyclic antidepressants : Amitriptyline , Desipramine , Doxepin , 

Imipramine 
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o Anti- arrhythmics  

 Class IA :  Disopyramide , Procainamide ,  Propafenone , Quinidine 

 Class III : Amiodarone , Dofetilide , Ibutilide ,  Sotalol 

 

o Others  

 Migraine drugs : Sumatriptan , Zolmitriptan  

 Methadone  

 Anti-cancer : Tamoxifen, Nilotinib, Lapatinib 

 

9. Concluding remark 

QTc prolongation can trigger dangerous ventricular arrhythmia such  as Torsades de 

Pointes (TdP) , associated with high all – cause mortality in such group of patients. Two 

types of QT prolongation are seen in clinical practice :  congenital and acquired , 

acquired being commoner usually either due to drug-induced or electrolyte disturbances.  

People with QT prolongation do not usually experience any symptom.  Clinicians usually 

detect the condition during a routine medical checkup. When symptoms are present they may 

include new onset syncope , palpitations , seizures or resuscitated cardiac arrest.  

Most drugs that prolong the QT interval work in a concentration dependent manner.  
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