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Arrhythmogenic Cardiomyopathy of the Right Ventricle.
Predictive Value of QT Interval Dispersion to Assess
Arrhythmogenic Risk and Sudden Death
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Objective -To determine in arrhythmogenic right
ventricular cardiomyopathy the value of QT interval dis-
persion for identifying the induction of sustained ventricu-
lar tachycardia in the electrophysiological study or the
risk of sudden cardiac death.

Methods \We assessed QT interval dispersion in the 12-
lead electrocardiogram of 26 patients with arrhythmogenic
right ventricular cardiomyopathy. We analyzed its as-
sociation with sustained ventricular tachycardia and sud-
den cardiac death, and in 16 controls similar in age and sex.

Results {mean + SD). QT interval dispersion: patients
=53.8+14.1ms; control group = 35.0+10.6ms, p=0.001.
Patients with induction of ventricular tachycardia:
52.5+13.8ms; without induction of ventricular tachycardia:
57.5+12.8ms, p=0.420. In a mean follow-up period of 41+11
months, five sudden cardiac deaths occurred. QT interval
dispersion in this group was 62.0+17.8, and in the others it
was 51.9+12.8ms, p=0.852. Using a cut@i®ms to define an

Arrhythmogenic right ventricular cardiomyopathy is a
familial disease in which a progressive replacement of the
healthy myocardial fibers by fatty tissue takes pleck
causes important myocardial structure disarrangement with
apparently healthy tissue intermingled with fatty that tissue
determines electrical conditions favoring an arrhythmo-
genic substrate. Sustained and nonsustained arrhythmias
observed in this disease have a characteristic morphology
of the left bundle-branch block type because the arrhy-
thmogenic focus is located in the right ventricle

With the advances in diagnostic tools and a better
knowledge of the clinical profile of arrhythmogenic right
ventricular cardiomyopathy, an increasing number of cases
of this condition have been diagnosed. Arrhythmogenic ri-
ght ventricular cardiomyopathy, however, is still a signifi-
cant finding in autopsies of patients under the age of 50
years who die of sudden death, many of whom were wi-
thout a previous diagnosis. This incidence has ranged from

increase in the degree of the QT interval dispersion, we were 5% to 20%, depending on the regional prevalence of the di-

able to identify patients at risk of sudden cardiac death with a
sensitivity of 60%, a specificity of 57%, and positive and
negative predictive values of 25% and 85%, respectively.

Conclusion —Patients with arrhythmogenic right ven-
tricular cardiomyopathy have a significant increase in the
degree of QT interval dispersion when compared with the
healthy population. However it, did not identify patients with
induction of ventricular tachycardia in the electrophysiolo-
gical study, showing a very low predictive value for defining
the risk of sudden cardiac death in the population studied.
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seasés.

Studies have showed a marked variation in the inci-
dence of sudden death in arrhythmogenic right ventricular
cardiomyopathy. Its presence, however, is especially rela-
ted to physical exercise, occurring even in asymptomatic
patients or in those whose symptoms are only related to
ventricular tachyarrhythmias. The clinical history of syn-
copal episodes or recovery from cardiopulmonary arrest
are known factors of poor prognosis. Variables obtained
through invasive and noninvasive methods have not
been very useful in defining the population at a greater
risk®7.

Recently, a new noninvasive method for stratifying the
risk of arrhythmogenic sudden death was introduced based
on the determination of the degree of dispersion of ventri-
cular repolarization observed among the values of the QT
interval of an electrocardiogram (QTDp)rhese results
were assessed in ischemic heart disé&skbut no study,
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however, exists that attempts to define the applicability of dings were obtained from conventional electrocardiographs
the method in arrhythmogenic right ventricular cardiomyo-  with a velocity of inscription of 25mm/s and standard cali-

pathy, which was the objective of the present studly. bration. Through a system of amplification of the recor-
dings and definition of the points by a pair of compasses,
Methods the values (ms) of the QT intervals (from the beginning of

the Q or R wave to the end of the T wave) were determined

~ We selected 26 patients out of a total of 67 patients a5 the mean value of 3 successive complexes in the different
being clinically followed up with arrhythmias very probably  ejectrocardiographic leads. For calculating the interval in
originating in the right ventricle (morphology of the left  he presence of an indefinite end of the T wave, we used
bundle-branch block type without septal or left ventricular 1 noint of intersection of a tangent traced upon the
alterations on the echocardiogram). These patients had thedescending branch of the wave with the baseline. The same
following characteristics: 1) presence of sinus rhythm and process was used for excluding apparent U waves. The
well defined T waves in at least 10 of the 12 electrocardio- degree of QTDp was defined through the difference
graphic leads; 2) presence of arrhythmogenic potentials at between the longest and the shortest values of the interval
the end of the QRS complexes on the signal-averaged elec'observed among the diverse leads anal§ZBtk patients’
trocardiogram* % 3) presence of structural changes in the results were compared with those of ;':1 healthy control
right ventricle on the echocardiogram, such as global or population similarin age and sex

segmentary (outflow tract) cavitary dilation, microaneurys- . . . :
9 Y ) y $ Antiarrhythmic drugs with a short half-life were

ms or sacculations in the outflow tract or ventricular inlet, o ) )
hyperrefringence of the moderate b&hd) magnetic reso- suspended for a minimum period of 5 days prior to the exa-
mination. Patients on amiodarone underwent the study

nance imaging depicting thinning of the cavitary wall or . ’
fatty infiltration, or botH*. using the drug (table I). The protocol of the electrophysio-

Even though 3 more patients had arrhythmogenic right !0gical study included, in addition to the electrical mapping
ventricular cardiomyopathy, they were excluded from the Of the ventricular endocardium, the programmed electrical
study because they did not meet criterion 1. stimulation with the release of one, two, and three extrasti-

Out of the 26 patients, 20 were males, and the mean agemuli at the apex and right ventricular outflow tract, from the
was 34+10.9 years. All patients were in NYHA functional ~ end of diastole until reaching the absolute refractory period
class | or Il and had in the 24-hour Holter nonsustained ven- of the cavity. Basic cycles of command of 500 and 430ms
tricular tachyarrhythmias with a number of isolated extra- and progressive shortening of the extrastimuli of 18ms
systoles higher than 10 per hour (>240 in 24 hours). During were also used. The endpoint of the test was triggering sus-
clinical follow-up, 19 patients experienced at least one epi- tained ventricular tachycardia, defining patients with and
sode of sustained ventricular tachycardia. All these sus- without induction of sustained ventricular tachycardia.
tained and nonsustained arrhythmias had the classical mor-Data observed with QTDp were compared between the 2
phology of the left bundle-branch block type. Table I shows populations.
the clinical data of the patients. In the clinical follow-up, deaths were computed throu-

The initial electrocardiogram raising the diagnostic  gh detailed information of the family, considering as sudden
suspicion was selected for analyzing the QT interval dis- cardiac death, death occurring within the first hour from the
perSion. Therefore, no patient was on medication. All recor- beginning of the symptoms or of their aggravation1 with or

without the presence of witnessesThe degree of QTDp
was compared between the populations with and without

Table | — Individualized data of the patients sudden cardiac death. .
All results were expressed as mean and 1SD. Diffe-
Case Sex Age @&ftricular Case Sex Age &hfricular rences between the results were assessed using variance
Arrhythmia Arrhythmia . . . .. L e

analysis, considering p=0.05 statistically significant. The
1 M 24 NSVISVT 14 F 46 NSVT ability of the method for defining patients at risk of sudden
2 M 23 NSVT 15 F 30 NSVT/SVT di death dth h ti ti |
3 M 22 NSVIISVT 16 M 20  NSVT/SVT cardiac death was assessed through prognostic operationa
4 M 22 NSVT 17 M 44 NSVT/SVT variables (sensitivity, specificity, positive and negative
5 M 62 NSVT/SVT 18 F 38 NSVT Tt P M ;
o M 3 NSVIISVT 10 F 42 NSVISVT predl_c_tl\_/e values), using the ROC curve for optimizing |t§
7 M 43 NSVT/SVT 20 M 43  NSVT/SVT sensitivity and specificity. Prevalence of sudden death in
8 M 38 NSVISVT 21 M 26 NSVIISVT the population, accuracy of the test, odds ratio, and the
9 M 52 NSVT/SVT 22 M 40 NSVT/SVT ttest bability of dd death | det ined
10 M 18 NSVISVT 23 M 13 NSVT posttest probability of sudden death were also determined.
11 M 20 NSVT 24 M 29 NSVT/SVT
12 M 43 NSVT/SVT 25 F 34 NSVT/SVT ReSUItS
13 F 31 NSVT 26 F 38 NSVT/SVT
M- male; F- female; NSVT- nonsustained ventricular tachycardia; SVTr The mean of the differences between the Iongest and

i icul h ia. i i

sustained ventricular tachycardia the shortest QT intervals was 53.8+14.1ms (ranging from 40
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to 80ms) for the patients and 35.0+10.6 ms (ranging from 20
to 60ms) for the healthy control group (p=0.001). Table Il
shows these individualized results and figure 1 is a graphic
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Discussion

Experimental and clinical trials have shown a strict cor-

persion between the patients and the control group.

Twenty (77%) patients underwent an electrophysiolo-
gical study with confirmation of the diagnosis in all of them
(presence of abnormal late potentials in diastole). Induction
of monomorphic sustained ventricular tachycardia occur-
red through programmed ventricular stimulation in 8 pati-
ents (40% - table Il). The mean degree of QTDp for this
group was 52.5+13.8ms (ranging from 40 to 80ms) and for
the group without induction it was 57.5+12.8ms (ranging
from 40 to 80ms), and no statistical significance was obtai-
ned (p=0.420).

During a mean clinical follow-up of 41+29 months (ran-
ging from 10to 120 months), 5 (22%) sudden cardiac deaths
occurred, 3 of them clearly related to physical activity, and
all of them were witnessed. The mean time between the in-

dex electrocardiogram and the sudden death was 15.4+7.8

months (ranging from 10 to 28 months). The mean degree of
dispersion for this group was 62.0+17.8ms (ranging from 40
to 80ms), and for the group without sudden death it was
51.9+12.8ms (ranging from 40 to 80ms); these results did not
reach statistical significance (p=0.156). The type of medica-
tion used during clinical follow-up and the individualized
results are shownin table Il.

The best cutoff for optimization of sensitivity and spe-
cificity was>60ms. At this value, the method could identify
patients prone to develop sudden cardiac death with the
following percentages: sensitivity of 60%, specificity of
52%, positive predictive value of 23%, and negative predic-
tive value of 85%. The prevalence of the event was 19.2%.
The accuracy of the test was 54%. Odds ratio: positive of
1.7; negative of 0.6.

persion of ventricular repolarization and the development of
severe or fatal ventricular tachyarrhythmias. In the ‘60s,
Han and Moé’ pointed out that the nonuniform recovery
of the myocardial excitability represented an important
factor triggering ventricular tachyarrhythmias, leaving the
ventricles more vulnerable to ventricular fibrillation. These
findings were later confirmed by other authors, such as
Vassalo et &F, who analyzed the nonuniform recovery of
left ventricular excitability, and Kuo et & who assessed
the mechanisms involved in the genesis of ventricular
arrhythmias related to dispersion of ventricular repolariza-
tion. Hii et al*® pointed out that the degree of dispersion of
ventricular repolarization in precordial leads represents an
important marker for the developmenttofsades de
pointesin patients using drugs of the 1A group, being also
a relevant factor in acute myocardial infarction. During an
acute coronary artery episode, patients developing ventri-
cularfibrillation in the first 24 hours of evolution had a signi-
ficant increase in the degree of QTDp as compared with

oy
m p=0.001
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A
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Fig. 1 - Graphic comparing the degrees of dispersion of ventricular repolarization
observed in the patients and control group.

Table II - Individualized results and clinical follow-up

Case Initial VT Clinical AA Case Initial VT Clinical AA

QTDp Ind follow-up QTDp Ind follow-up
1 60 No SCD St 14 40 No CT St
2 60 No SCD Bb 15 50 No CT A
3 80 No CT St 16 50 No SCD A
4 80 No SCD St 17 80 - CT A
5 50 No CT St 18 70 CT A
6 40 Yes SCD Dm 19 50 - CT A
7 40 Yes CT Mx 20 50 Yes CT St
8 60 Yes CT St 21 80 Yes CT St
9 60 No CT St 22 40 - CT A
10 60 No CcT A 23 60 - CT A
11 50 No CT St 24 60 Yes CT St
12 40 No CcT St 25 50 Yes CT A
13 60 - CT Bb 26 40 Yes CT St
QTDp- dispersion of the QT interval in ms; VT Ind- induction of sustained ventricular tachycardia by programmed stimulatiomiaftAythmic drug used in
data collection; CT- clinical treatment; SCD- sudden cardiac death; A- amiodarone; Bb- beta-blocker; St- sotalol; Mx-eplgriletin medication.
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those without this type of tachyarrhythnitd2 Clinical
applicability of the method was introduced by Day €& al
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those of the QT interval for foretelling vulnerability to ven-
tricular fibrillation. Zabel et at, comparing patients with

who showed that the difference between the longest and theand without events, assessed 280 patients after myocardial

shortest QT interval determined in the surface electrocar-

diogram was a marker of risk for the development of arrhy-
thmias in patients with a prolonged QT interval. Later, Zabel

infarction and showed that the method did not differentiate
the 2 populations. Therefore, except for the Rotterdam
Study with its significant sample of patients, most of the

et al”® observed an excellent correlation between the mea- studies analyzing the predictive value of QTDp as a marker
sures of the variables of dispersion obtained by external of arrhythmic events showed that the method has a low
electrocardiogram and those measures obtained throughpredictive power.

interventricular monophasic potentials. Drugs such as

No studies on QTDp in arrhythmogenic cardiomyopa-

beta-blockers will reduce the values of dispersion as shown thy of the right ventricle have been published. In our study,

in some specific situatiofs Therefore, all studies indicate
that the degree of temporal dispersion of ventricular repola-

we were able to show that patients with arrhythmogenic
right ventricular cardiomyopathy have a significantincrease

rization represents an important marker for the development in the degree of QTDp as compared with a healthy control

of ventricular tachyarrhythmias.

group. Using chest mapping with recordings of the surface

Few reports exist in the literature assessing QTDp as a potentials, Ambroggi et @managed to show an abnormal

predictive factor of induction of ventricular tachycardia in
the electrophysiological study. Clay etatorrelated
QTDp of patients with induction of monomorphic and
polymorphic ventricular tachycardia or ventricular fibrilla-
tion in the electrophysiological study and concluded that
the method was not suitable for differentiating the type of
induction (monomorphic or polymorphic). Sutter etal
also observed no correlation between QTDp and induction
of ventricular tachycardia by programmed ventricular sti-
mulation. In our study, no difference in the degree of disper-
sion of ventricular repolarization occurred between the pa-
tients with and without induction. Therefore, current data

negative area in the anterior surface of the chest of patients
with arrhythmogenic right ventricular cardiomyopathy, pos-
sibly related to the delay in the activation of the right ventri-
cle. These authors also showed the existence of changes
indicating nonuniform recovery of ventricular repolariza-
tion. This finding is said to correspond to the one we
observed in the present study.

In regard to the ability of the method to predict arrhy-
thmic events, our findings did not differ from those
observed in most of the published reports involving dis-
tinct populations. The method did not differentiate patients
with and without the terminal sudden event. It showed a

suggest that independently from the type of disease, the very low predictive value (25%) similar to the one observed
method does not seem to be useful as a predictor of induc- with the isolated use of other methods, such as extrasystoles

tion of sustained ventricular tachyarrhythmias by program-
med ventricular electrical stimulation.

on Holter monitoring® or signal-averaged electrocardio-
graphy?®. With this method, patients with arrhythmogenic

Most of the studies assessing the degree of QTDp as right ventricular cardiomyopathy showed an increase in the

a marker of risk for sudden death involve patients with

degree of QTDp as compared with healthy individuals. The

ischemic heart disease. The results of these studies havesignificance of this finding, however, lacks prognostic
been controversial, especially the most recent ones. QTDp value.

seems to have the capacity for differentiating patients who
experienced ventricular fibrillation during an acute myocar-
dial infarctior?*?2 In the Rotterdam Stud¥involving 2,358

A large number of reasons exist to justify the low pre-
dictive value of QTDp for arrhythmic events. In addition to
the limitations of the method, especially the correct defini-

male patients and 3,454 female patients older than 53 years,tion of the end of the T wave, the use of velocity recordings

30% of whom were hypertensive and 13% of whom were
postmyocardial infarction patients, QTDp proved to be an
important predictive factor of overall mortality, of cardiac

of 25mm/s, in which small variations in its determination
could introduce errors of up to 50fnisside a short band of
variation, the localized alterations of the activation and reco-

death, and of sudden death. In patients with depressed ven-very forces through the myocardium cannot be totally de-

tricular function, Fu et & observed that the measure of the
dispersion of ventricular repolarization proved to be an im-
portant predictor of risk for sudden cardiac death. In pa-
tients with an implantable cardioverter-defibrillator, Grimm
et al?® showed that QTDp was not a useful index for fore-
telling future arrhythmic events. Perkiomaki éfahowed
that the indices of variability of heart rate were superior to

tected on the surface electrocardiogram. This invalidates
the method as a predictor of arrhythmic events. In the future
with the introduction of more sophisticated techniques,
such as spectral analysis of the T wave for detecting alter-
nation or chest mapping with recordings of surface poten-
tials, the indices deriving from ventricular repolarization may
better contribute as methods of prognostic assessment.
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