Torsades de Pointes:
A Review
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The electrocardiographic features of a variant, polymor-
phic ventricular tachycardia were first reported in 1923 by
MacWilliam.' The atypical ventricular arrhythmia was
termed ‘‘transient ventricular fibrillation”” by Schwartz in
1949.2 More recently, cases of refractory ventricular ar-
rhythmias occurring in patients treated with quinidine were
reported. This effect was termed ‘‘quinidine syncope’ by
Selzer in 1964 and was attributed to an abnormal ventricular
tachycardia.® However, the first definitive treatise describ-
ing this atypical ventricular tachycardia designated *‘tor-
sades de pointes,” is attributed to Dessertenne in 1966.*

DEFINITION

Polymorphic ventricular tachycardia was described origi-
nally as a rapid ventricular rhythm with a typical undulating
‘‘twisting about a point’’ morphology, a prolonged QT inter-
val, and a T-wave that does not return to the isoelectric line*
(Figure 1). Later descriptions of torsades de pointes (TDP)
focus on 5 to 20 beat paroxysms of ventricular tachycardia
characterized by changing heart rate, a polymorphic QRS
with progressive modification of amplitude, and polarity of
the complexes that vary about an isoelectric baseline® (Fig-
ure 2). These complexes were described as being refractory
to standard therapy. They often terminate spontaneously
and frequently recur.® The electrocardiographic features of
TDP include: (1) multiform ventricular ectopic complexes
that vary symmetrically about an isoelectric axis at a rate of
150 to 300 per minute; (2) commonly, a prolonged QT inter-
val with QT = .60 seconds or QTc = .40 seconds. (Figure 3),
(3) an association with ectopy, bradycardia, or high-grade
atrioventricular (AV) block; (4) a “‘long-short’’ initiation se-
quence featuring a late premature ventricular complex with a
prolonged coupling interval (0.44 to .68 seconds) involved in
an “R and T"’ phenomena; (5) a rhythm refractory to conven-
tional therapeutic modalities; and (6) the ability to revert spon-
taneously or to progress to a more malignant arrhythmia such
as nonpolymorphic ventricular tachycardia or fibrillation.® '’
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SIGNIFICANCE

Ventricular tachycardia and fibrillation are responsible for
70% to 85% of sudden cardiac death victims.!' This is sig-
nificant because TDP is believed to be a transition between
these two malignant ventricular arrhythmias.!!"!? In fact,
TDP has been designated ‘‘ventricular fibrillo-flutter’” by
some authors.® Wiggers, in a mechanical analysis of ventric-
ular fibrillation, suggested four contiguous stages including
involuntary (1 to 2 seconds), convulsive (15 to 40 seconds)
with a frequency of 600 to 700 per minute, tremulous (2 to 3
minutes) with a frequency of 600 to 1,000 per minute fol-
lowed by an atonic phase.!* Kossman, using cinemato-
graphic observations, concluded that TDP was analogous to
the undulating or preexcitation phase of ventricular fibril-
lation. !4

Incidence is addressed in a small, prospective study ex-
amining 15 patients that underwent Holter monitoring for
presumed arrhythmia.'’ Nonpolymorphic ventricular tachy-
cardia was found in 33% (S of 15) of patients and associated
with a 20% rate of successful resuscitation.'® Polymorphic
ventricular tachycardia was also found in an equal distribu-
tion in 33% (S of 15) of patients.'® The larger than expected
incidence and higher rate of resuscitation (80%) is notewor-
thy. Thus, it is important to differentiate polymorphic versus
nonpolymorphic ventricular tachycardia; in that their patho-
genesis, electrophysiology, and response to therapy differ,!2-1¢

TDP has been diagnosed in patients of a wide age range,
from the newborn to 86 years.!”-!® Predisposition is noted in
patients who have a history of ventricular arrhythmia and
who experience a recent symptomatic increase in the fre-
quency and complexity of ectopy.'® Symptoms noted by pa-
tients include palpitations, dizziness, and syncope followed
in some cases by sudden death.'®

MECHANISM

TDP has been described as a ‘‘maximal vulnerability ar-
rhythmia, where premature stimulation during peak ventric-
ular susceptibility occurs.”’'® The electrophysiologic mech-
anism for the origin of this arrhythmia was first proposed by
Dessertenne as two or more automatic foci competing for
control of epicardial depolarization.* Kossman suggested a
mechanism of ‘‘asynchronous recovery of excitability’” cre-
ating various exit sites resulting in macroscopic or micro-
scopic reentry.' Somberg cited ‘‘dispersion of refractori-
ness’’ occurring with left stellate ganglion stimulation, hy-
pothermia, or myocardijal ischemia as the causative factor in
the development of TDP.?*?! An interesting study that
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FIGURE 1. ““Twisting about
a point’” morphology.

used a computer-simulated model of arrhythmia generation
found that multiple suggested mechanisms are plausible and
probably implicated in the generation of TDP. These mech-
anisms include coincidence of two pathologic foci with dif-
fering periods of impulse generation, disturbance of conduct-
ing system velocity, a single mobile pathologic focus, AV
reentry, and differing repolarization periods of a pathologic
ventricular focus with oscillating impulse generation.?!

Specific electrocardiographic correlates of TDP include
bradycardia dependent triggering of an escape focus of au-
tomaticity that features a prolonged action potential.?> The
“‘long-short’’ activation sequence occurs when a late prema-
ture ventricular contraction encounters inhomogenous re-
covery of ventricular repolarization.'? Thus, the preinitiating
cycle (short) is followed by the initiating cycle (long) desig-
nated, the postectopic pause. This is believed to be the most
likely mechanism of initiation as determined by two studies
that found this phenomenon in 95% to 100% of TDP cases.?
Extrasystolic activity has also been cited featuring increases
in complexity with summation and fusion of multiple ectopic
foci. The timing of extrasystolic activity is also implicated
with early premature ventricular contractions causing the
“R or T phenomenon and late premature ventricular con-
tractions encountering the U-wave.?

The hallmark of TDP, however, is a prolonged QT interval
representing the time from ventricular activation (QRS com-
plex) to completed repolarization (T-wave).'” The electro-
cardiographic finding of a prolonged QT interval indicates
increased dispersion of repolarization and is believed to be
necessary to differentiate TDP from nonpolymorphic ven-

FIGURE 2. Polymorphic
ventricular tachycardia.
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tricular tachycardia.'® Prolongation of the QT interval is de-
fined as QT = .40 to .60 seconds.?? However, the most con-
sistent indicator of QT prolongation is a QT = .60 seconds or
QTc = .45 seconds found in 100% of TDP patients in two
studjes. 02324

ETIOLOGY: SPECIFIC CONDITIONS

TDP can be initiated by numerous conditions and agents
(Table 1). The Long QT Syndrome (LQTS) is a familial con-
dition originally described in 1957.%° The familial variant or
Jervell and Lange-Nielsen Syndrome is characterized by au-
tosomal recessive transmission, prolonged QT interval (QT
> 440 milliseconds), syncope, congenital deafness, T-wave
alternans, bradycardia, and abnormal ventricular repo-
larization.?' The Romano-Ward Syndrome, with autosomal
dominant transmission but no hearing deficit and a nonfa-
milial idiopathic variant, have also been discussed.?'

Cardiac disease manifested as myocardial ischemia, myo-
cardial infarction, bradyarrhythmia, myocarditis, and car-
diomyopathy has been implicated.> In one series, myocar-
dial ischemia has been found in 97% (31 of 32) of patients.'®
Myocardial infarction can be associated with TDP; the risk
possibly related to the heterogenicity of repolarization, al-
teration in calcium flux, or imbalance of sympathetic and
parasympathetic tone.?® Other cardiac arrhythmias have
been reported in 94% (30 of 32) of TDP patients studied.'’
High-grade AV block has been cited as a causative factor,
occurring in as many as 20% (3 of 15) of TDP patients.!®
Another study found that 100% of patients exhibited sinus
bradycardia before the onset of TDP.**

VAN
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TABLE 1. Etiology of Torsades de Pointes

1. Congenital QT Prolongation Syndromes
Jervell and Lang-Nielson
Romano-Ward
2. Cardiac
Myocardial {schemia
Myocardial Infarction
Myocarditis
Bradycardia
Atrioventricular Block
3. Electrolyte Abnormalities
Hypokalemia
Hypomagnesemia
Hypocaicemia
Liquid Protein Diet
4. Neurologic
Subarachnoid Hemorrhage
Cerebrovascular Accident
Pneumoencephalography
5. Environmental/Toxin
Hypothermia
Arsenic
Organophosphate Insecticides
6. Pharmacologic Agents
A. Psychotropic agents:
Phenothiazines
Thioridazine
Trifluroperazine
Chloropromazine

B. Antidepressants
Amitriptyline
Imipramine
Maprotiline

C. Antiarrhythmic Agents

I. Sodium (Fast Channel) Antagonists
a. Quinidine

Procainamide

Disopyramide

‘Ajmaline

b. Lidocaine
Mexilitene
Tocainide
“Aprinide

c. Encainide

Sympathetic Antagonists
a. Propranolol
Antifibrillatory Agents
a. Amiodarone
b. N-Acetyl Procainamide
*c. Sotalol
V. Calcium {Slow Channel) Antagonists
a. Lidoflazine
*b. Bepridil
¢. Nifedipine
V. Anion Antagonists
a. None

D. Vasodilators
“Prenylamine
"Fenoxidil

E. Miscellaneous
Diuretics
Corticosteroids
Atropine
Isoproterenol

* Investigational in the USAS.12.25.26.27.28.

slowing sinoatrial (SA) and atrioventricular (AV) node
conduction.? Propranolol is the only B-blocker implicated in
the development of TDP. Class III agents exhibit antifibril-
latory activity by homogenously prolonging the APD,
thereby increasing the effective refractory period (ERP).2¢
Amiodarone use has been implicated up to 5 weeks after
therapy because of a prolonged half life.!” Sotalol, a nonse-
lective B-blocking drug with class II and III activity, has a
significant association with TDP.?® Class IV consists of cal-
cium channel-blocking agents that slow the rate of sponta-
neous depolarization (phase 4) by interfering with the slow
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sodium channel increasing the action potential duration and
effective refractory period of the SA and AV nodes.?® Two
investigational vasodilators have been associated with TDP,
lidoflazine and bepridil, that prolong the QT interval.?® Ni-
fedipine is the only commonly-used calcium channel antag-
onist cited as a cause of TDP.?* Finally, class V agents that
act as anion antagonists have not been related to the devel-
opment of TDP.28

THERAPY

Cornerstones of TDP management include prevention,
correction of underlying causes, use of pharmacologic
agents to shorten the ventricular refractory period, and
avoidance of antiarrhythmic drugs that may exacerbate the
arrhythmia.!* The therapeutic goal is to decrease the QT
interval or repolarization delay due to the dispersion of
refractoriness.'®

Mechanical intervention includes the use of an electronic
pacemaker to increase heart rate and to decrease the QT
interval.?® Atrial pacing preserves the atrial contribution to
ventricular filling and is the preferred pacing mode unless
contraindicated by the presence of AV block.?’ Ventricular
pacing has proven effective in the suppression of TDP.241°
Overdrive pacing should be instiiuted at a rate of up to 120
per minute until the QT interval is normalized.*®-?° Cardiac
pacing is safe and effective but requires skill, specialized
equipment, and a considerable delay until the institution of
therapy.” Cardioversion is described as a last resort effort
for persistent TDP because the rhythm is paroxysmal and
will commonly recur following cardioversion. Progression to
ventricular fibrillation may occur.® Studies have demon-
strated clinical efficacy in 60% to 100% of cases; however,
all patients reverted back to TDP.'%:?*

Pharmacologic modalities include vasopressor agents, an-
tiarrhythmic drugs, and electrolyte repletion. Isoproterenol,
a sympathomimetic amine with B-adrenergic activity, accel-
erates AV conduction and decreases the QT interval by re-
ducing temporal dispersion of repolarization.’ Isoproterenol
has proven to be effective for TDP in both animal and human
studies.”** Relative contraindications to the use of isopro-
terenol include angina, myocardial infarction, and hyperten-
sion; it can also be deleterious in monomorphic ventricular
tachycardia.” Thus, isoproterenol is recommended for use
in TDP only as an interim agent, until cardiac pacing can be
implemented. Atropine has been suggested as effective ther-
apy via its action to inhibit the vagal stimulus to the myo-
cardium and increase AV nodal conduction.?® Four of 10
TDP patients treated with atropine had a beneficial effect.?

Consideration of antiarrhythmic agents is based on the
premise that class IA drugs could further exacerbate the
development of TDP.'* In general, type Ia drugs should be
avoided, especially in patients who are on antiarrhythmic
agents when they develop TDP. In eight patients with TDP
who were not on antiarrhythmic agents, procainamide or
quinidine caused no change in 0% of patients, but 10% pro-
gressed to ventricular tachycardia.?* Thus, use of class IA
drugs for TDP is contraindicated.

Lidocaine is a class IB antiarrhythmic that reduces tem-
poral dispersion of refractoriness, decreasing QT, QTc, ac-
tion potential duration, and effective refractory period
duration.” Lidocaine usually causes no change in TDP or
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FIGURE 3. Prolonged QT
interval.

Electrolyte abnormalities have been associated with this
arrhythmia; although TDP has been described in a study of
21 patients without electrolyte abnormalities, ischemia, or
antiarrhythmic therapy.?°>* Hypokalemia is found in a num-
ber of studies of TDP patients (serum potassium levels of
less than 3.7 mEq/L in 62% [20 of 32] and 4.0 mEq/L in 54%
[12 of 24] of cases).!®!%:22 Hypomagnesmia has also been
linked with TDP (magnesium levels of less than 2.2 mg/dL in
62.5% [20 of 32] of TDP patients).'® However, two studies of
TDP patients found no cases that were hypomagnesemic at
the onset of the arrhythmia.>3* Neurologic involvement is
implicated by left stellate ganglion overactivity resulting in
increased dispersion of myocardial repolarization.** This in-
volvement is supported by the fact that left stellate ganglio-
nectomy has proven curative in a significant number of
cases.>

Therapy with pharmacologic agents is the most common
etiology of TDP. The cardiovascular effects of psychotropic
medications are well documented. The phenothiazines affect
action potential duration and amplitude by decreasing the
slope of phase 0, prolonging the duration and amplitude of
phase 2, and prolonging phase 3 repolarization, resulting in
an increased QT interval and U-wave amplitude.** Thiorid-
azine is the most commonly involved agent of this class.’
Tricyclic antidepressants are also implicated because of a
quinidine-like effect that results in prolongation of the PR,
QRS, and QT interval.?® Antiarrhythmic drugs have demon-
strated a significant causal relation in TDP related to their
intrinsic ability to prolong the QT interval.?® A study of 32
patients with TDP found that 84.6% (22 of 26) of cases were
being treated with antiarrhythmics.!® Patients developing
TDP have a higher frequency of idiosyncratic, rather than
dose-dependent reactions, usually occurring at the initiation
of therapy.?*%* Patients treated with quinidine often develop
TDP at or below therapeutic serum levels.?

Analysis of antiarrhythmic agents as the cause of TDP is
simplified using the Vaughan-Singh-Williams classification
system.?® Class I agents are sodium (fast) channel blockers
that slow conduction velocity by decreasing the maximum

rate of depolarization (phase 0) without changing the resting
membrane potential (phase 4).2° TDP is classically associ-
ated with type IA agents that prolong the action potential,
QRS complex, and QT interval. Quinidine is associated with
the highest proarrhythmic potential and is the most common
cause of prolonged QT syndrome resulting in the onset of
polymorphic ventricular tachycardia.??? The incidence of
quinidine use in patients with TDP has been as high as 40%
(4 of 10) to 83.3% (20 of 24) in some series.>?"** In addition,
quinidine has a significant association with risk factors re-
lated to the development of TDP including hypokalemia and
high-grade AV block.??*” Quinidine therapy is associated
with a 1.5% risk per year of developing TDP.'® Procain-
amide, another [A agent, and its active metabolite N-
acetyl-procainamide (class III) are also strongly associated
with the development of TDP.!”"?* One small study found
that 50% (5 of 10) of patients were on procainamide therapy
compared with 40% (4 of 10) on quinidine therapy.20-24-3
Disopyramide has also been implicated, although the original
description found toxic drug levels, unlike quinidine, or to a
lesser extent procainamide in which nontoxic drug levels are
more common.*® There is also an attendant risk when pa-
tients are treated with ajmaline, an investigational antiar-
rhythmic agent.?® Collectively, the use of type IA antiar-
rhythmic drugs associated with a prolonged QT interval is
the most common predisposing factor to the development of
TDP.

Other antiarrhythmic medications have been selectively
associated with TDP. Class IB agents slow conduction ve-
locity preferentially in ischemic tissue that has a less nega-
tive resting membrane potential, resulting in a decreased ac-
tion potential duration (APD) and QT interval.?® The
lidocaine cogeners, mexilitene, tocainide, and aprinide, have
occasionally been associated with TDP.?® Class IC agents
have no effect on action potential duration but lengthen the
QRS and QT interval and have not been linked to the devel-
opment of TDP.*

Class II agents are sympathetic antagonists that depress
adrenergically stimulated phase 4 depolarization along with
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may have an initial beneficial effect that reverts to TDP in all
cases.'® Thus lidocaine has no proven benefit. Because it
can increase the disparity between ischemic and normal tis-
sue, it cannot be recommended as therapy for TDP. Phenyt-
oin, another IB agent used for arrhythmia control of tricyclic
antidepressant and digoxin overdose, restores normal mem-
brane excitability and automaticity by decreasing the effec-
tive refractory period and by increasing AV conduction.*'*?
Phenytoin has been effective in treating of TDP in several
case reports.”® Bretylium is a Class III agent that helps to
minimize the disparity of action potential duration caused by
quinidine-like drugs.?® Its efficacy for TDP is similar to
lidocaine, although a single study suggests that bretylium is
the superior agent in TDP therapy.!%*?

Electrolyte repletion therapy has focused on magnesium
infusion reported to be efficacious in TDP therapy.**** Hy-
pokalemia is associated with TDP to a greater extent than is
hypomagnesemia.'®?? The presumed mechanisms of action
include restoration of intracellular potassium by affecting the
Na,K-ATPase system, blocking slow calcium channels, and
normalizing repolarization abnormalities.” Magnesium acts
as a cofactor in the Na,K-ATPase system, facilitating potas-
sium influx into the cell, stabilizing the membrane potential,
and correcting the dispersed repolarization process without
shortening the QT interval.** In one 12-patient study 2 to 4 g
of intramuscular magnesium resulted in a 75% response rate
within 5 minutes and 100% response by 15 minutes.?* An-
other report suggested a magnesium dose of 16 mEq over
one hour followed by 1 mEg/kg over 24 hours and 0.5 mEq/
kg for 3 days or until the QT interval is less than 0.50
seconds.®*** Side effects occurring with rapid infusion in-
clude hypotension.> Magnesium is easily administered with
less risk than Isoproterenol infusion for TDP.

In summary, therapy for TDP includes avoidance of of-
fending agents, correction of magnesium or potassium defi-
ciency, administration of isoproterenol, bretylium, or phe-
nytoin followed by institution of cardiac pacing.

With sincere appreciation to Janet McGraw for manuscript prepa-
ration and West Penn Medical Media Services.

REFERENCES

1. MacWilliam JA: Some applications of physiology to Med-
icine |l Ventricular fibrillation and sudden death. Br Med J
1923;2:215

2. Schwartz SP, Orloff J, Fox C: Transient ventricular fibril-
lation |: The prefibrillatory period during established auriculo-
ventricular dissociation with a note on the phonoechocardio-
grams obtained at such times. Am Heart J 1949;37:21

3. Selzer A, Wray HW: Quinidine syncope: A paroxysmal ven-
tricular fibrillation occurring during treatment of cardiac ar-
rhythmia. Circulation 1964;30:17-26

4. Dessertenne F: La tachycardia ventriculare a deux a foy-
ers opposes variables. Arch des Mall du Coeur 1966,;59:263-272

5. Perticone F, Adinolfi L, Bonaduce D: Efficacy of MgSO, in
treatment of torsades de pointes. Am Heart J 1986;112:847-849

6. Stern S, Keren A, Tzivoni Z: Torsades de pointes: Defini-
tions, causative factors and therapy. Ann NY Acad Sci 1984,
427:234-240

7. Inoue H, Matuso H, Mashima S: Effects of atrial pacing,
isoprenaline, and lignocaine on experimental polymorphous
ventricular tachycardia. Cardiovasc Res 1984;18:538-547

8. Kim HS, Chung EK: Torsades des pointes: polymorphic
ventricular tachycardia. Heart Lung 1983;12:269-273

8. Ranquin R, Parizel G: Ventricular fibrillo-flutter: An estab-

lished electrocardiographic and clinical entity. Angiology 1977,
28:115-118

10. Kay GS, Plumb VJ, Arciniegas JG, et al: Torsades de
pointes: the long-short initiating sequence and other clinical
features. J Am Coll Cardiol 1983;2:806-817

11. Nikolai G, Bishop RL, Singh JB: Sudden death recorded
during holter monitoring. Circulation 1982;66:218-225

12. Smith WM, Gallagher JJ: “Les torsades de pointes’: An
unusual ventricular arrhythmia. Ann Intern Med 1980;93:578-584

13. Wiggers CJ: The mechanism and nature of ventricular fi-
brillation. Am Heart J 1940,20:399—412

14. Kossman CE: Torsades de pointes: An addition to the
nosography of ventricular tachycardia. Am J Cardiol 1978;
42:1054-1058

15. Panidis IP, Morganroth J: Sudden death in hospitalized
patients: Cardiac rhythm disturbances detected by ambulatory
electrocardiographic monitoring. J Am Coll Cardiol 1983;2:798-
805

16. Odea DJ, Kay RH, Blake JW: Polymorphic ventricular
tachycardia. Ann Emerg Med 1989;18:100-102

17. Roden DM, Woosley RL: QT prolongation and arrhythmia
suppression. Am Heart J 1985;109:411-415

18. Lewis BH, Antman EM, Graboys TB: Detailed analysis of
24-hour ambulatory electrocardiographic recordings during
ventricular fibrillation or torsades des pointes. J Am Coll Cardiol
1983;2:426-436

19. Bashour TT, Lehrman K, Edgett J: Torsades de pointes: A
maximal vulnerability arrhythmia. Am Heart J 1985;109:167-169

20. Somberg J, Tepper D, Wynn J: QT prolongation. Am Heart
J 1985;109:395-398

21. Malik M, Camm AJ: Possible pathophysiology of torsades
de pointes evaluated by a realistic heart computer model. Car-
diovasc Res 1986;20:436-443

22. Roden DM, Woosley RL, Primm RK: Incidence and clinical
features of the quinidine associated long QT syndrome. Am
Heart J 1986;111:1088-1093

23. Horowitz LN, Greenspan AM, Spielman SR, et al: Torsades
de Pointes: Electrophysiologic studies in patients without phar-
macologic or metabolic abnormalities. Circulation 1981;
63:1120-1127

24. Keren A, Tzivoni D, Gavish D, et al: Etiology, warning
signs, and therapy of TDP. Circulation 1981;64:1167-1174

25. Raehl CL, Patel AK, Leroy M: Drug-induced torsades de
pointes. Clin Pharm 1985;4:675-690

26. Stapczynski JS: Update on antiarrhythmic drugs in emer-
gency medicine. Emerg Med Clin North Am 1988;6:289-315

27. Wetrell G, Anderson KE: Cardiovascular drugs |: Antidys-
rhythmic drugs. Therap Drug Monitor 1986;8:59-77

28. Williams EMV: A classification of antiarrhythmic actions
reassessed after a decade of new drugs. J Clin Pharmacol
1984;24:129-147

29. Kavanaugh KM, Wyse DG: Ventricular arrhythmias. Can
Med Assoc J 1988;138:903-913

30. Jervell A, Lang-Nielsen F: Congenital deaf mutism, func-
tional heart disease with prolongation of the QT interval and
sudden death. Am Heart J 1957,;54:59-68

31. Schwartz PJ: Idiopathic long QT syndrome: progress and
questions. Am Heart J 1985;109:399-410

32. Przybejewski JZ: Multiple coronary vasospasm: A cause
of repeated myocardial infarction and symptomatic torsades de
pointes. S Afr Med J 1983;63:103-112

33. Tzivoni D, Banai S, Schuger C, et al: Treatment of tor-
sades de pointes with MgSO,. Circulation 1988;77:392-399

34. Schwartz P, Snebold N, Brown A: The effects of unilateral
cardiac sympathetic denervation on the ventricular fibrillation
threshold. Am J Cardiol 1976;37:1034

35. Fowler NA, McCall D, Chou TC, et al: Electrocardio-
graphic change and cardiac arrhythmias in patients receiving
psychotropic drugs. Am J Cardiol 1866;37:223-230

36. Cassem N: Cardiovascular effects of antidepressant
drugs. J Clin Psychol 1982;43:22-28

37. Davidenko JM, Cohen L, Goodrow R, et al: Quinidine-
induced action potential prolongation early after depolarization



RADE B. VUKMIR @l TORSADES DE POINTES

and triggered activity in canine purkinge fibers. Circulation
1989;79:674-686

38. Meltzer RS, Robert EW, McMorrow M, et al: Atypical ven-
tricular tachycardia as a manifestation of disopyramide toxicity.
Am J Cardiol 1978;42:1049-1053

39. Krikler DM, Curry PVL: Torsades des pointes and atypical
ventricular tachycardia. Br Heart J 1976;38:117-120

40. Anderson JL, Mason JW: Successful treatment by over-
drive pacing of recurrent quinidine syncope due to ventricular
tachycardia. Am J Med 1978;64:715-718

255

41. Hagerman GA, Hanashiro PK: Reversal of TCA-induced
cardiac conduction abnormalities by phenytoin. Ann Emerg
Med 1981;10:82-86

42. Rosen M, Lisak R, Rubin I: Diphenylhydantoin in cardiac
arrhythmias. Am J Cardiol 1967;20:674-678

43. Vander A, Reynolds EW, Kahn DR, et al: Quinidine syn-
cope: a case report of successful therapy with bretylium tosy-
late. J Thor Cardiovas Surg 1976;72:464-467

44. Ramee SR, White CJ, Svinarich JT, et al: Torsades de
pointes and Mg deficiency. Am Heart J 1985;109:164-167





