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Summary .  Torsades de pointes  (TDP) is a polymorphic ven- 
t r icular  tachycardia  wi th  a peculiar electrocardiographic 
pat tern of con t inuous ly  chang ing  morphology of the  QRS 
complex twis t ing  a round  an  imaginary  baseline.  The clinical 
setting under which  TDP develops covers many clinico-patho- 
logic condit ions,  inc luding the long QT syndrome (LQTS). In 
the present  review, we ana lyze  the evolution o f  the hypothe- 
ses for the mechan i sms  under ly ing  TDP and we discuss some 
of the experimental  models  used and their related clinico- 
pathologic counterparts .  Together with the hypothesis  that 
TDP represents  a fo rm of  reentrant arrhythmia,  recent  evi- 
dence has suggested the possibil i ty that triggered activity 
may indeed be responsible  for TDP. Data collected in vitro 
are presented that  demonstrate  a role for ca techolamines  in 
the development o f  afterpotentials  in ventricular tissue. 
Whether adrenergic-mediated afterdepolarizations are the 
mechanism responsible  for  TDP in the cl inical  set t ing of  
LQTS has not  yet  been proven and remains an important area 
of invest igat ion.  
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Torsades de pointes [1] is a polymorphic ventricular 
tachycardia with a peculiar electrocardiographic pat- 
tern of continuously changing morphology of the QRS 
complex twisting around an imaginary baseline (Fig- 
ure 1). An additional requirement for a ventricular 
tachycardia to be defined as torsades de pointes is the 
accompanying prolongation of the QT and QTU inter- 
val that often precedes the development of the tachy- 
cardia. The clinical sett ing under which torsades de 
pointes develop includes many clinico-pathologic con- 
ditions that  share apparently few or no common fea- 
tures (Table 1). 

Given such a var ie ty  of circumstances under which 
torsades have been described, several additions have 
been made to the definition of a torsade. Brugada [2] 
suggested that  the diagnosis requires the initiation of 
tachycardia by a late extrasystole. Surawicz [3] has 
proposed that  the arrhythmia has to be suppressible 

by an increase in hear t  rate. Finally, Jackman et al. 
[4] have proposed that,  even in the absence of the 
twisting morphology of the QRS, a tachycardia associ- 
ated to T and U waves abnormalities could still be 
called torsades de pointes. In spite of such a diversi ty 
of opinion, the definition of torsades has not simply 
merged into that of polymorphic ventricular tachycar- 
dias, because the arrhythmia  still holds its separate 
profile compared to other  forms of tachycardia; this is 
largely due to the fact that  it requires a specific clinical 
approach and it responds to t reatments  that  are dif- 
ferent from those effective with the more common 
types of ventricular tachycardia. 

The difficulties in establishing the prevailing crite- 
ria to define a torsade stem from the uncertainty on 
the very mechanisms underlying the development of 
torsades and the var ie ty  of models used as experimen- 
tal preparations in the a t tempt  to mimic the clinical 
form of torsades. In this brief  overview, we will ana- 
lyze the evolution of the hypotheses for the mecha- 
nisms underlying torsades, and we will discuss some 
of the experimental  models used and their  related 
clinico-pathologic counterparts .  

Searching  f o r  a Hypo thes i s  

Since 1966, when the original work by Dessertenne 
[1] called attention to torsades de pointes as a peculiar 
type of ventricular tachycardia, the search for the un- 
derstanding of the cause for the twisting morphology 
of the QRS has flourished. In spite of several efforts, 
almost three decades of work from many groups have 
not yet  proven a universally accepted mechanism 
that could account for the various aspects of the ar- 
rhythmia. However ,  many contributions have im- 
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Fig. 1. Example of torsades de pointes in a patient receiving quinidine. (From: Coumel P, Leclercq JF, Dessertenne F. Torsades de 
pointes. In: Josephson M, Wellens H J J, eds. Tachycardias: mechanisms, diagnosis, treatment. Philadelphia: Lea & Febiger 1984;325- 
351 with permission of the Authors). 

Table 1. Clinical conditions associated with repolarization 
abnormalities and torsades de pointes 

Congenital forms 
Jervel-Lange-Nielsen syndrome 
Romano-Ward syndrome 

Drugs and chemicals 
Antiarrhythmic agents 
Tricyclic antidepressants 
Phenothiazines 
Organophosphates compounds 

Electrolyte disturbances 
Hypokalemia 
Hypocalcemia 
Hypomagnesemia 

Nutritional deficits 
Anorexia nervosa 
Liquid protein diets 

Bradyarrhythmias 
Complete AV block 
Sinus nodal dysfunction 

Cerebrovascular accidents 

proved our understanding of the several forms of tor- 
sades, and they have shaped the hypothesis that more 
than one mechanism can account, under different cir- 
cumstances, for the development of torsades.  

"'La tachycardie ventr iculaire  a deux foyers 
opposes variables'" 
The first hypothesis was actually supported by Des- 
sertenne [1], who suggested that  two automatic foci 
firing from opposing sites of the heart  were competing 
for excitation of the ventricle, thus accounting for the 
changing morphology of the QRS. This simple hypoth- 
esis, although appealing, was at that  time not sup- 

ported by experimental  evidence and was therefore 
rapidly dismissed. After  these several years, we are 
now in a time in which, under  the light of a possible 
involvement of t r iggered activity (see below) in the 
genesis of torsades,  we could look back and acknowl- 
edge new value to this first hypothesis. 

The dispersion of refractoriness 
Han and Moe showed that  a uniform recovery of excit- 
ability in the myocardium is ve ry  critical to the main- 
tenance of normal impulse initiation and conduction. 
When duration of the re f rac tory  period is not homog- 
enous throughout the ventricle, the ventricular fi- 
brillation threshold (an index of electrical stability) 
decreases. This suggests that  propagation of the ex- 
citation under these conditions is very  unstable and 
can easily degenerate into severe ventricular arrhyth- 
mias. The likely mechanism for arrhythmias de- 
pending on dispersion of refractoriness is the develop- 
ment of reentrant  circuits tha t  are favored by the 
development of unidirectional block in the areas of 
prolonged refractoriness [5]. 

Dispersion of refractoriness has been proposed as 
one of the possible arrhythmogenic  mechanisms un- 
derlying torsades de po in tes  [3]. This hypothesis sug- 
gests that the prolongation of repolarization reflected 
in the QT and QTU interval  lengthening that preceeds 
torsades is not uniform throughout  the ventricle, thus 
leading to a higher vulnerability of the heart  to ven- 
tricular tachycardia. Evidence of dispersion of repo- 
larization has indeed been obtained in patients with a 
long QT interval and a history of torsades de pointes  
[6] by the use of monophasic action potential re- 
cording. Subjects with a normal QT interval and no 
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Fig. 2. Electrocardiogram of a typical paroxysm of quinidine-induced torsades de pointes demonstrating the typical cycle length 
changes just before an episode. The tachycardia starts (light arrow) after the apex of the T wave (heavy arrow). In the vast majority 
of instances of quinidine-induced torsades de pointes, the "initiating cycle" is markedly prolonged and is longer than the "preinitiat- 
ing" cycle. From Roden et al. [11] with permission from the American College of Cardiology. 

history of torsades appear  to have a much more uni- 
form duration of action potential [6,7]. The presence 
of a non-uniform duration of cardiac repolarization in 
subjects with torsades  is undoubtedly a strong argu- 
ment in favor of the hypothesis of dispersion of refrac- 
toriness in the genesis of torsades.  However, the same 
mechanism has been also proposed for other forms of 
ventricular arrhythmias,  such as those developing in 
the course of acute ischemia; therefore, this hypothe- 
sis does not provide an explanation that accounts for 
the unique characteristics of torsades de pointes .  

The short-long.short sequence and 
afte rdepolarizations 
Electrocardiographic evaluation in the initiating pat- 
tern of an arrhythmic episode is an apparently simple, 
yet very valuable, approach to the understanding of 
arrhythmias and provides the advantage of allowing 
comparison between clinical and experimentally in- 
duced torsades.  This approach can give insights on 
the extent to which an experimental  preparation is 
pertinent to the clinical setting, as well as enlighten 
new hypotheses to be tested in the experimental labo- 
ratory. The initial observation in 1983 by Kay et al. 
[8] of the dependence of torsades  on a typical pattern 
of onset opened the way to several reports [9-11] that 
confirmed and extended their  initial finding. Here is 
how Kay et al. described their  observation: "A prema- 
ture ventricular b e a t . . ,  was followed by a pause and 
a subsequent supraventricular  beat. Then a prema- 
ture ventricular beat o c c u r r e d . . ,  at a relatively short 
cycle length and precipitated the torsades de pointes ."  
Central to this description is the focus on a long-short 
initiating sequence. Roden et  al. [11] confirmed and 
further characterized this pat tern  of initiation for tor- 
sades by describing that  the cardiac cycle immediately 
preceding the last sinus beat  was abnormally pro- 
longed (being often a compensatory pause following a 

ventricular beat) (Figure 2). The last sinus beat pre- 
ceding the development of torsades  had a markedly 
prolonged QT interval, and the first beat of the ven- 
tricular tachycardia often impinged on the terminal 
portion of the repolarization (R on T phenomenon). 

The most remarkable aspect of these observations 
is the presence of a pause that  precedes the pro- 
longation in the following beat. This characteristic 
pat tern of initiation points to a "pause-dependent" or 
"bradycardia-dependent" mechanism for torsades,  and 
therefore to the most classic bradycardia-dependent 
arrhythmogenic mechanism, the early afterdepolar- 
izations (EADs). 

The definition of EADs as depolarizations that in- 
te r rupt  phase 3 of the action potential is fairly recent 
[12] and, to a certain extent ,  was preceded by the 
hypothesis that secondary depolarizations may lead to 
the genesis of the U wave. When Lepeschkin [13,14] 
recorded, with the use of monophasic action potentials 
(MAP), his "afterpotentials" and originally proposed 
the possibility that these deflections interrupting 
phase 3 of repolarization could be a likely mechanism 
for the development of U wave, the definition of EAD 
had not been created. His theory was vigorously con- 
t rasted and then dismissed upon the evidence that 
intracellular recordings obtained simultaneously to 
monophasic action potentials [15] failed to confirm the 
electrical nature of the observed afterdepolarizations 
as opposed to motion artifacts. 

Recently, the use of monophasic action potentials 
has generated a new surge of interest ,  mainly r e l a t e d  

to the availability of a new recording technique devel- 
oped by Franz [16] that allows more prolonged and 
stable recordings. 

The common interesting observations of several re- 
cent studies using the monophasic action potential 
technique has been the finding of simultaneous devel- 
opment of afterdepolarizations on the monophasic ac- 
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Fig. 3. Simultaneous recordings of blood pressure (BP, mmHg, top trace), electrocardiograms (ECG, middle trace), and monophasic 
action potential (MAP, mV, lower trace) a few seconds after reperfusion when arrhythmias develop. Note the presence of early 
afterdepolarization (EAD) in the lower trace during the sinus beats that interrupt ventricular tachycardia. When arrhythmias 
terminate, an intermittent 2:1 conduction of EAD is present (arrows, lower trace) and alternans of the T wave appears on the ECG 
(arrows, middle trace). 

lion potential recordings and of alterations of the TU 
interval on the surface ECG [4,17-20] (Figure 3). Al- 
though the same arguments of concerns for the arti- 
factual recordings that  were objected to by Lepesch- 
kin are still [15] raised as a limitation of the validity 
of monophasic action potential recording, increasing 
caution in the assessment of stability of the re- 
cordings, as well as simultaneous recording of intra- 
ventricular pressure [18,21] or combined use of endo- 
cavitary as well as surface monophasic action potential 
catheters [19], has probably increased the reliability 
of the recording and the ability to distinguish between 
motion artifacts and electrical events. Therefore,  
there  has been recently an increased consensus for the 

role of EADs in the genesis of the U waves on the 
ECG and the onset of t r iggered arrhythmias. Addi- 
tionally, since t r iggered activity is a form of focal ac- 
tivity, the original proposal by Dessertenne [1] of two 
separate foci competing for activation of the myocar- 
dium and responsible for the changing morphology of 
the QRS in torsades has acquired a new interest  as a 
potential explanation for the peculiar morphology of 
this arrhythmia. 

Several aspects seem to fit in the EAD hypothesis; 
however, some concerns could still be raised. For  ex- 
ample, EAD development has generally been re- 
ported during markedly slow heart  rates that  are not 
always present  in the clinical setting of torsades. 
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Fig. 4, Intracel lular  microelectrode recording in isolated adult canine myocytes exposed to isoproterenol 10 .6 M. A:  Pacing at 0.5 
Hz  elicits the development o f  DADs. B: The f irst  five beats are paced at 2 Hz, and the fol lowing beats consist o f  a run  of  triggered 
activity that terminates with a subthreshold DAD. Note that E A D s  develop s imul taneously  as notches on phase 3 o f  the action 
potential. C: Pacing at 4 Hz induces a triggered beat (last of the sequence) that is interrupted by a E A D  on phase 3 and is fol lowed 
by a DAD. Data are taken f r o m  Priori and Corr [24]. 

Damiano and Rosen [22] showed that the rate at which 
EADs occurred was close to 60 beats/min; this evi- 
dence has been considered by other authors as a de- 
ter rent  to the hypothesis. However,  Cranefield et al., 
in their review [23], supported the role of EADs in 
the genesis of t o r s a d e s  and reported their  unpublished 
observations and a personal communication by Brian 
Hoffman that  would support  the possibility that 
EADs induced in the presence of catecholamines can 
also occur at much faster  hear t  rates. Recently, Priori 

and Corr [24,25] demonstrated that EADs induced by 
isoproterenol in isolated myocytes still occur at a 
heart  ra te  above 200 beats/min (see Figure 4), thus 
not only supporting the idea that adrenergic-EADs 
develop at fas ter  rates,  but  also suggesting that  main- 
tenance of a ventricular tachycardia, beside its initia- 
tion, can still be mediated by EADs induced by isopro- 
terenol. 

Since EADs are likely to arise in only a few areas 
of the myocardium, their  development can locally pro- 
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Fig. 5. Recordings of ventricular fibriUation induced by administration of digitalis plus calcium. Top trace: monophasic action 
potentials. Bottom trace: electrocardiogram, a: control recording; b: injection of Ca 2+ digitalis induces a shortening of action potential 
duration and the appearance of delayed afterdepolarizations. A few seconds later, a junctional rhythm (c) appeared and a progressive 
increase in amplitude of T wave (d) is observed on surface ECG. As T-wave changes become prominent (e), 
a premature beat occurs and triggers a run of ventricular tachycardia that rapidly degenerates into ventricularfibrillation. 

long the action potential duration and explain the dis- 
crepancies in monophasic action potential duration 
recorded in patients with prolonged QTU interval in 
history of torsades de pointes.  Development of EADs 
independent from triggered activity can therefore still 
be arrhythmogenic by creating dispersion of refracto- 
riness and favoring reentrant arrhythmias (see previ- 
ous section). Under this point of view, the hypothesis 
of the role of a dishomogeneous repolarization and 
that of afterdepolarizations would merge into a unique 
event that could account for the development of tor- 
sades. 

Brugada and Wellens [26] suggested that when 
EADs develop in one cell, they create a discrepancy 
in action potential duration among adjacent cells. This 
event can lead to electrotonic propagation of current 
that could reexcite cells that have terminated their 
refractory period acting as an injury currents during 
ischemia [27]. They called this potentially arrhythmo- 
genic mechanism prolonged repolarizat ion-dependent  
excitation. 

A more complex role for afterdepolarizations: 
"'Pause-dependent and adrenergic-dependent 
long QT syndromes (LQTS)" 
It is well established that some repolarization abnor- 
malities preceding the development of torsades in 
LQTS patients, such as alternation of the T wave [28], 
depend on the presence of catecholamines. On this 
basis, Jackman and colleagues [29] proposed that 
delayed afterdepolarization (DADs), as opposed to 
EADs, are the triggering mechanism for torsades in 
the setting of augmented sympathetic activity. How- 
ever, beta-adrenergic stimulation has been associated 
with the development of both EADs [30,24] and 
DADs. DADs are defined as afterpotentials that arise 
after the termination of an action potential (diastolic 
phase) and occur, therefore, later than EADs in the 
cardiac cycle. Afterdepolarizations dependent on 
beta-adrenergic stimulation in ventricular tissue have 
been described in isolated myocytes either during nor- 
moxia, as well as in hypoxic conditions, at concentra- 
tions of the beta-adrenergic agonist ranging from 10 -9 
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M to 10 .7 M [24,25]. In vivo, DADs have been induced 
by activation of the left stellate ganglion [18], and they 
very much resemble DADs induced by digitalis ad- 
ministration in the same animal model. 

DADs recorded in vivo by the use of monophasic 
action potential recordings are associated with the de- 
velopment of alterations of the repolarization, as dem- 
onstrated by changes in the T wave synchronous with 
DAD appearance (Figure 5). 

Jackman et al. [29] have made the suggestion that 
two different diseases exist in which torsades develop 
following alteration of the QTU interval. They de- 
scribed a "pause-dependent LQTS" that includes most 
of the causes of torsades that we listed in Table 1, 
such as drug-induced LQTS, electrolyte abnormal- 
ities, altered nutritional states, and severe bradyar- 
rhythmias, and suggested that this form is more likely 
mediated by EADs. The other is defined as adrener- 
gic-dependent L Q T S ,  and it mainly includes the famil- 
ial forms of LQTS (both Jervell-Lange-Nielsen and 
Romano-Ward) and some cerebrovascular accidents. 
An intermediate group with characteristics of both is 
also included in their classification, but it remains less 
well identified. These two forms of LQTS are distin- 
guished based upon the role of catecholamines in their 
initiation and the type of afterdepolarizations that are 
more likely to be responsible for the genesis of tor- 
sades de pointes .  

This approach accounts well for some differences 
of the two forms of LQTS. For example, torsades de- 
veloping in the bradycardia-dependent LQTS are sup- 
pressed by atrial pacing, while efficacy of pacing in 
the idiopathic LQTS is less consistent. Most of the 
patients presenting with quinidine intoxication have 
abnormalities in the QTU interval that are almost 
invariably enhanced by pauses, thus fitting well the 
suggested dependence of repolarization changes on 
EADs. On the other hand, in the idiopathic LQTS, 
where adrenergic activation is the major triggering 
event for arrhythmias, the behavior of heart rate is 
less consistent and will fit better with the hypothesis 
of a role for DADs. However, recording of monophasic 
action potentials in patients with the idiopathic LQTS 
have also suggested the presence of EADs in this pa- 
tient population. 

Jackman et al. have, in fact, recently [4] added to 
their original hypothesis [29], suggesting that while 
EADs are still the likely mechanism for torsades in 
the pause-dependent LQTS, both types of afferdepo- 
larizations, as opposed to DADs only, are probably 
involved in the genesis of torsades in the idiopathic 
LQTS. 

The implication of afterdepolarizations in the devel- 
opment of torsades de pointes supports the hypothesis 
by Dessertenne on the origin of their morphology [1]. 
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Fig. 6. Effect of therapy on the survival, after the first syncopal 
episode, of 233 patients affected by the idiopathic LQTS. The 
protective effect of beta-adrenergic blockade and of left stellec- 
tomy (LSGx) is dramatically evident. For example, the mortal- 
ity 3 years after the first syncope is 6% in the group treated with 
antiadrenergic interventions and 26% in the group treated dif- 
ferently or not treated. Fifteen years after the first syncope, the 
respective mortality is 9% and 53%. Open circle: beta blockade 
and~or LSGx; filled circle: no therapy or miscellaneous treat- 
ments. 

In fact, afterdepolarizations developing from several 
regions of the heart may result in convergent prema- 
ture beats resulting in the typical twisting of the QRS. 

Torsades de pointes and afterdepolarizations 
in the idiopathic LQTS 
Recent experimental evidence has suggested a reap- 
praisal of the issue of which type of afterdepolariza- 
tions are more likely to be involved in the genesis of 
torsades in the idiopathic LQTS. 

There is a well-established role for the adrenergic 
nervous system in the genesis of ventricular arrhyth- 
mias [30,31]. This clinical form of LQTS is charac- 
terized by prolonged QT interval and by syncopal 
episodes triggered by stressful conditions (physical 
activity, fear, sudden awakening). The prognosis of 
untreated symptomatic patients is poor, as the risk for 
sudden cardiac death approximates 60% within 8-10 
years after the first syncope (Figure 6). On the other 
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hand, the use of antiadrenergic therapy (medical and 
surgical) has radically modified the prognosis, as the 
most recent data suggest a 4% mortality over  the 
same time period [32]. 

As indicated elsewhere [33], it is fair to recall that 
no placebo-controlled trial is available to support the 
notion of ei ther  pharmacological or surgical antiadren- 
ergic therapy being effective in LQTS and, in all likeli- 
hood, it will never  be. Indeed, the effect of these in- 
terventions in reducing or suppressing syncope/ 
cardiac arres t  is so impressive that  randomization of 
these high risk patients to placebo would be unethical 
and is hardly feasible. The history of medicine 
abounds with examples of unquestionably effective 
therapies not tes ted by a controlled clinical trial, e.g. 
penicilline and kidney transplant. 

In order to define a role for afterdepolarizations 
in this syndrome, it seems reasonable to analyze the 
effects of adrenergic activation on the development of 
afterdepolarizations in the ventricle and in ventricular 
tissue, and to characterize extensively their behavior. 
Other experimental  models in which afterdepolariza- 
tions are induced by a diversity of conditions unlikely 
to be relevant to LQTS (i.e., Ca 2§ digitalis, cesium) 
are probably not well suited for meaningful extrapola- 
tions to this specific clinical condition. 

The use of isolated myocytes may have the advan- 
tage of limiting the confounding effects of electrotonic 
propagation in the study of afterdep01arizations; also, 
the induction of DAD and EAD with catecholamines 
may mimic the role of sympathetic hyperactivity pres- 
ent in LQTS. Nonetheless, caution is required when- 
ever any experimental  model is used to extrapolate 
data to the clinical sett ing of LQTS. Indeed, since the 
pathophysiologic substrate  of LQTS is largely un- 
known, the adequacy of any model in replicating the 
clinical syndrome cannot be established. 

In the preparat ion of single isolated myocytes [24], 
administration of isoproterenol evoked afterdepolar- 
izations that,  according to their  coupling interval, 
could be classified as both EADs and DADs; however, 
the two types of afterdepolarizations were not sepa- 
rated on the basis of their  frequency-dependency, and 
they were still simultaneously present at fast (> 180 
beats/min) rates (Figure 4). Interestingly, when at- 
tempts were made to discriminate EADs and DADs 
on the basis of their  cellular mechanisms, the two 
types of afterdepolarizations completely overlapped. 
It  has been suggested [34] that  EADs are not sup- 
pressible by the administration of ryanodine, a 
blocker of calcium release from the sarcoplasmic retic- 
ulum; on the other  hand, DADs are promptly inhibited 
by ryanodine [35]. When, in these isolated myocytes 
experiments,  ryanodine was added in the bath con- 

taining isoproterenol, both adrenergically mediated 
EADs and DADs were simultaneously inhibited; this 
inhibition was reversible upon washout of ryanodine. 
The use of low extracellular Na § , as well as the Na § / 
Ca 2§ exchange blocker, benzamil chloride, also failed 
to distinguish between these adrenergically induced 
DADs and EADs. During intense adrenergic activa- 
tion (10 -7 M and 10 .6 M), DADs became multiple and 
gradually shortened their  coupling interval to the pre- 
ceding beat, to the point that  they interrupted the 
preceding action potential. According to the classic 
definition of DADs, we could not define these afterde- 
polarizations occurring during phase 3 of the action 
potential as DADs, and we elected to call them EAD. 
However, one is probably still dealing with the same 
electric event, only with a different name. According 
to this finding, both types of adrenergically mediated 
afterdepolarizations would appear  to depend on intra- 
cellular handling of calcium. 

Development of DADs has always been associated 
with an increase in intracellular Ca ++ [35]; however, 
for the less well understood EADs several mecha- 
nisms have been advocated. 

The classical model used to study EADs involves 
the use of cesium, a potassium channels blocker that  
elicits EADs by prolonging repolarization. Since the 
duration of repolarization depends on the balance be- 
tween repolarizing and depolarizing currents it is pos- 
sible that enhancement of Ca § § current may lengthen 
repolarization and favor EADs development. The pos- 
sibility that also an increased intracellular calcium 
may be associated with the development of EADs has 
been proposed by January  et al. in a model of EADs 
induced by the calcium agonist Bay k 8644 [36]. Re- 
cent data from our group [19] showed that during re- 
perfusion, a condition associated with increased intra- 
cellular Ca +§ EADs develop and can be responsible 
for the development of arrhythmias.  

The assessment of a role for afterdepolarizations in 
the clinical setting is complicated by the need of indi- 
rect tools to infer the presence of afterdepolarizations 
for the electrocardiographic recordings. Preliminary 
data from our patient  population of LQTS suggests 
that the analysis of Holter  recordings can identify T 
wave alterations which are enhanced by slow heart  
rate and whose amplitude depends from cicle length 
in the same way that  was demonstrated for EADs 
[37]. 

Whether  afterdepolarizations actually occur in 
LQTS patients in response to adrenergic activation 
has not yet  been proven beyond a doubt. On specula- 
tive grounds, it can be suggested that they are likely 
to be mediated by an al tered adrenergic innervation 
of the heart,  probably combined with intracardiac ab- 
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normal i t ies  (al tered in t raceUular  handl ing  of Ca 2+, or 
a l tered ga t ing  of Ca 2+ channels ,  or a l terat ions in K § 
channels) .  In  o rder  to define these  cellular abnormal-  
i t ies unde r ly ing  LQTS beyond  speculations,  electro- 
physiologic s tudies  from biopsy  specimens from LQTS 
pa t ien ts  would be requi red ;  exper imenta l  approaches 
are at a d i sadvan tage  in  t r y i n g  to en l ighten  the fasci- 
na t ing ,  and  still  unknown ,  in t r ins ic  abnormal i ty  of the 
hear t  of these  pa t ien ts .  
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