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Long qt-interval syndrome, polymorphic ventricular tachycardia (“torsade de pointes”)

A 60-year-old man, J. P., was admitted to hospital because of short-term unconsciousness. 

Patient’s history: 

1 year ago he was admitted to hospital for an acute myocardial infarction (the anterior type of MI, complicated by a monomorphic ventricular tachycardia). He was short of breath if doing mild exercise (going up-stairs). He has been treated with Moduretic (amiloride) and Cordarone (amiodarone) since.

5 days before the admission to hospital, the patient was diagnosed with atrial fibrillation (in another medical institution) for which he was prescribed quinidine sulphate orally in addition to the previous medication. 

2 days before the admission he suddenly fainted for a short period (10 min) twice within 7 hr. The first syncope occurred while watching TV in the morning. The second episode occurred while the patient was shopping in the afternoon. It resulted in mild injury to the patient´s head.

The prescribed medication at admission was as follows: quinidine sulphate (Kinitard) 250 mg 4 times/ day (for 5 days), hydrochlorothiazide 25 mg coadministered with amiloride 2.5 mg (Moduretic 1/2 tabl)/day, and amiodarone 200 mg (Cordarone – 1 tabl)/day. 

Physical examinations: The patient was pale. Jugular filling was adequate, there were no signs of dehydration, acral congestion was normal. 

Lungs: sonorous percussion, clear, vesicular breathing, no rales in basal parts. 

Heart: heart action is accompanied with presystolic beats, followed by long post-systolic pauses, neither 3rd sound nor murmurs are present. BP 110/70 mmHg, and heart rate 50/min.

Abdomen and lower extremities: the findings were adequate to the age of the patient. 

The weight of the patient was 60 kg, height 170 cm.

Electrocardiogram (ECG): the sinus rhythm of 50 beats per minute, QT interval ( 0.61s. A premature ventricular beat is followed by a pause and a subsequent supraventricular beat. Then a premature ventricular beat appeared followed by the episode of polymorphic ventricular tachycardia showing a peculiar electrocardiographic pattern characterised by a continuous twisting in QRS axis around an imaginary baseline (“torsade de pointes” - TdP) occurred during monitoring (these episodes disappeared spontaneously).

RTG: the border size of the heart shadow, there are no more distinct signs of lung congestion

Laboratory examinations: 

Blood:     

	sodium         
	140 mmol/L

	potassium     
	3.7 mmol/L

	magnesium   
	0.9 mmol/L

	chlorides       
	103 mmol/L

	total calcium 
	2.17 mmol/L

	creatinine  
	89 μmol/L

	urea  
	11.4 mmol/L

	AST  
	0.6 ukat/L

	ALT  
	0.4 ukat/L

	LDH  
	0.5 ukat/L

	glucose  
	6 mmol/L


Serum quinidine was 2 mg/L at 1.5 hour after the drug administration.

Question No. 1:

Data out of the normal range are: 

a. ECG only

b. physical examination

c.   arterial blood pressure, heart rate and ECG 

d.   transaminases activities (that are very high) 

e. creatininemia suggesting for renal insufficiency

Answer No. 1:

a. The answer is incomplete. ECG is abnormal but there are other important disturbances too. 

b. False. 

c. True

d. False

e. False.This value is normal. 

Let´s focus on arrhythmia.   

Question No. 2:

Torsade de pointes (TdP) is self-terminating. What do you think about its severity? It this arrhythmia life-threatening?

a. TdP is usually self-terminating. We consider it, nevertheless, to be a serious event. Properly analysis of potential reasons and their elimination (or treatment of arrhythmia) is needed.

b. This is a rare  type of benign arrhythmia; no more monitoring is necessary. 

Answer No. 2:

a. True. This type of arrhythmia is thought to be life-threatening. There is increasing likehood of syncopal episodes and sudden death. Therefore, it is very useful to aware of the mechanisms leading to its generation and keep in mind possible risks. 

b. False. 

Let´s analyze the ECG. What is characteristic for tdp? 

Question No. 3:

What do you think of  the QT interval?:

a. It´s  prolonged 

b. QT interval is normal 

Answer No. 3:

a. True. The QT interval on the electrocardiogram is the time from the onset of ventricular depolarisation (the Q wave) to completion of repolarisation (the end of the T wave). It is influenced by heart rate, autonomic factors, electrolyte levels, gender and age. 

b. False.

Question No. 4:

Is the QT interval and its prolongation related to TdP?

a. No, there is no relationship between them

b. Yes.  

Answer No. 4:

a. False

b. True. An abnormally prolonged QT interval ( > 0.6 s, a gross index of electrical instability)  is associated with TdP and is usually observed in the sinus beats preceding the onset of the arrhythmic event.  As a sign of prolongation of ventricular repolarisation, it can be observed in many clinical conditions, commonly referred to as long QT syndromes (the LQTS).        

Question No. 5:

Are there any other signs on the ECG related to TdP?

a. None.

b. QT interval prolongation and a bradycardia

c. QT interval prolongation, bradycardia, and abnormality of the U wave

Answer No. 5:

a. False 

b.   The answer is incomplete.

c. True. The concomitant presence of QT prolongation and QT-U abnormalities with a prominent U wave are often seen. A slow heart rate has been shown to favour the onset of TdP. 

Question No. 6:

Can TdP be precipitated by electrolytes disturbances?

a) Yes. 

b) No. Electrolyte disturbances do not influence the onset of TdP. 

Answer No. 6:

a) True. Hypokalemia (the normal range 3.6 –5.4 mmol/L) and hypomagnesemia (the normal range 0.83-1.02 mmol/L) may prolong repolarization and precipite ventricular arrhythmias. You should be thinking of this mechanism because hypokalemia may be induced by long-term diuretic therapy with thiazides, and it is associated with a typical ECG pattern, which includes prolongation of QT interval and prominent U waves.

b) False.  

Question No. 7:

Are there any outlying values in serum electrolytes that could make for proarrhythmia as discussed in previous answer?

a. yes, potassium and magnesium in blood are under the limit.

b. no, serum electrolytes are all right

Answer No. 7:

a. False

b. True. 

To sum up: we know what torsade de pointes is.
What are its clinical consequences? what events in the patient´s history could be explained by means of its probable occurence?  

Question No. 8:

With regard  to the patient´s history, TdP  was probably the cause of

a. myocardial infarction

b. syncopal episodes (of non-orthostatic origin)

c. atrial fibrillation

d. shortage of breath if doing mild exercise

Answer No. 8:

a.   False

b    True

c. False

d. False

Question No. 9:

TdP appeared despite taking two antiarrhythmic drugs (amiodarone and quinidine). Do you think:  

a. the dose of amiodarone is low

b. the dose of quinidine is low

c. it is necessary to increase the doses of the both drugs

d. TdP is a proarrhythmia due to the drugs having being used (including antiarrhythmics). 

Answer No. 9:

a. False. 

b. False. The dose of quinidine is adequate (see also serum quinidine).

c. False

d. Absolutely. Is is now well recognised that therapy with antiarrhythmic drugs can not only suppress cardiac arrhythmias, but also may increase their frequency or provoke new ones. Specific proarrhythmia syndromes, each with a distinct underlying mechanism and approach to therapy, have been described. Suggested criteria for proarrhythmia include: (1) The new appearance of a sustained ventricular tachyarrhythmia (2) change from a nonsustained to a sustained tachyarrhythmia (3) increased tachycardia (4) the appearance of a clinically significant bradyarrhythmia or conduction defect.

Proarrhythmia can be the direct result of a drug´s electrophysiological effects on conduction velocity, refractoryness, and automaticity. However, it may also be the result of metabolic abnormalities, changes in autonomic state, or, drug-drug interactions that may modify the drug´s electrophysiological effects. Some forms of ventricular proarrhythmia, such as torsade de pointes, are difficult to forecast and occur in patients with a structurally normal heart as well as in those with serious heart disease. As mentioned before, TdP is attributed to the LQTS. Both congenital and acquired LQTS are due to abnormalities of the ionic current underlying cardiac repolarization. In the LQTS, prolonged repolarization is associated with increased spatial dispersion of repolarization. Prolonged repolarization also acts as a primary step for the generation of early afterdepolarizations (EADs). The focal EAD induced trigger beat(s) can interact with inhomogeneous repolarization to initiate polymorphic re-entrant VT, sometimes having the twisting QRS configuration known as TdP.  

Question No. 10:

Which of the drugs might have brought about the syncopal episodes before the patient´s admission to hospital?

a. quinidine

b. amiodarone

c. hydrochlorothiazide

d. amiloride

Answer No. 10:

a. Absolutely. The syncopes after quinidine were first described by Freye as early as 1918. Quinidine is the most widely recognised antiarrhythmic agent (a sodium channel blocker causing the QT interval prolongation) that favours the development of TdP. Prevalence of TdP in quininide- treated patients has been estimated to range from 1.5 to 8% and therefore it could be considered a potentially adverse reaction to this therapy. 

b. You may be right. Nevertheless, despite prolonged repolarization to a similar degree, not all agents that prolong  repolarization favour development of TdP. Amiodarone, although it significantly prolongs  the QT interval too, is rarely associated with onset of TdP.

c. You may be right. Administration of a thiazide (by production of hypokalaemia) might contribute to the LQTS  and TdP consequently. 

d. False. 

are the pharmacological effects of quinidine dependent on its dose (serum concentration)?    

Question No. 11:

Serum quinidine reached 2 ug/mL at 1.5 hour after the drug administration orally. What do you think about this value? The plasma concentration of quinidine is…

a.   rather high and obviously responsible for toxic effects. 

b.   within the therapeutic range

c.   low

Answer No. 11:

a. False. The toxic concentrations are usually considered higher than 5 ug/mL. 

b. True. Serum quinidine lies within therapeutic range (2-5 ug/mL). 

c. False.  

Question No. 12:

Is  proarrhythmia due to  quinidine dependent on its serum concentrations?

a. yes, serum concentrations must be checked all the time as a prevention

b. no

Answer No. 12:

a. False. Dependent on the serum concentration, quinidine can induce A-V and ventricular blocks, and depresses myocardial contractility (signs of its toxicity due to high serum concentrations). On the other hand, quinidine syncope as a result of TdP can even occur with serum concentrations within or below the therapeutic range.

b.   True. Proarrhythmia is defined as the provocation of a new arrhythmia or aggravation of a pre-existing one during therapy with a drug at doses or plasma concentrations below those considered to be toxic. 

Is therapeutic drug monitoring of quinidine (TDM - checking drug serum concentrations) useful?

Question No. 13:

TDM increases the cost of therapy. Your opinion is that in this case: 

a. TDM is not useful, because proarrhythmia after quinidine is not dependent on serum quinidine

b. TDM is useful, because it allows us to recognize other mechanisms that may complicate antiarrhythmic therapy like: drug-drug interaction, or possibly drug accumulation as a result of reduced drug elimination due to pathological state or drug polymorphism. 

Answer No. 13:

a. False

b. True. Amiodarone can compete with quinidine for the binding sites on plasma albumin. In this way amiodarone can elevate free unbound plasma concentrations of quinidine to high levels. Moreover, amiodarone could decrease excretion of quinidine via the kidney.   Fortunately, such as interaction does not occur in our patient (as seen from serum quinidine).  

And what about patient´s arterial blood pressure (110/70 mmHg at admission to hospital)?
Question No. 14:

That BP measured in the patient getting on for 61 years old, is:

a.   rather low

b. normal

c. high 

Answer No.14:

a. True

b. False

c. False

Question No. 15:

Arterial blood pressure is determined by 1. cardiac output, and 2. peripheral vascular resistance. Can you suggest which of the drugs used is probably responsible for persistent low BP in our patient? 

a. quinidine

b. amiodarone

c. hydrochlorothiazide

d. amiloride

Answer No. 15:

a. True. Quinidine given orally may lead to a mild drop both of peripheral resistance and the left ventricular output due to a negative inotropic effect. 

b. This answer could also be accepted. Amiodarone may have a slight beta-sympatholytic effect on the heart. 

c. True. Hydrochlorothiazide may decrease preload (i.e. heart filling) and so affect heart output at the beginning of therapy. In case of prolonged administration, especially in the patients suffering from hypertension, it decreases the systemic arteriolar resistance.

d. False. 

NEXT treatment: 

Quinidine was withdrawn. TdP and The syncopes disappeared. The lengtH of The QT-interval came back to 0.4 s. The arterial blood pressure was kept at 135/90 mm Hg with diuretic therapy alone.

Summary

Proarrhythmia after antiarrhythmic therapy is a serious problem. Although most recognized episodes of proarrhythmia are thought to occur early in drug therapy, the increased mortality during chronic antiarrhythmic therapy demonstrated in large randomized trials suggests this phenomenon can also develop during long-term drug treatment. Moreover, in patients with pacemakers or implanted cardiac defibrillators, antiarrhythmic drugs can change pacing thresholds and can alter the ability of a device to recognize or terminate a sustained ventricular tachyarrhythmia. Proarrhythmia does not depend on serum drug concentrations, it cannot be forecast. 

In all cases, the best approach to therapy is to identify patients at risk (and thereby avoid therapy entirely), to recognize proarrhythmia when it occurs, to withdraw offending agent(s), and to use specific corrective therapies when available. 

In the case of quinidine:

1. It is necessary to avoid quinidine administration in case of asymtomatic attacks of atrial fibrillation in the elderly with normal size of the left atrium in ECHO investigation. 

2. Quinidine therapy should always be started during short-term admission to hospital as proarrhythmia cannot be forecast if there are no risk factors supporting the development of a polymorphic ventricular tachycardia (except hypokalemia and hypomagnesemia). 

3. If possible, we should also avoid coadministration of amiodarone with quinidine. The reasons are :

·  additive electrophysiological effects

· possible elevation of serum concentrations of antiarrhythmic drugs as the result of      

      pharmacokinetic interactions (competition for the binding to plasma   

      albumin, inhibition of quinidine excretion by kidneys by amiodarone). 

That is why, if coadministration of quinidine and amiodarone is necessary, then the dose of quinidine should be reduced.

4. It is not useful to treat the tachyarrhythmia of the patient with the LQTS (QT > 0.5 s) by quinidine or by any other antiarrhytmic drugs of the 1A group. 

5. The control and adjustment of the serum concentration should be done carefully. 

6. However, it should be kept in mind that QT-interval prolongation is the undesirable effects of other drugs: thioridazine (doses higher than 50 mg), chlorpromazine, amitriptyline, maprotiline, lithium, chloroquin, astemizole, amantadine, antibiotics such as ampicillin, erythromycin, cyclosporin and others.  Early diagnosis of the LQTS and proarrhythmia prophylaxis are lifesaving.
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