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The prognosis for patients with idiopathic dilated cardiomyopathy (DCM) has markedly im-
proved during the last decade, mainly because of advancements in therapeutic strategies. However,
sudden death still accounts for a significant part of the total mortality in patients with moderate dis-
ease. Recent primary prophylactic trials failed to demonstrate any benefit of cardioverter-defibrilla-
tor implantation in an unselected group of idiopathic DCM patients and thus the identification of the
subgroup of patients at high arrhythmic risk is crucial. Although different risk stratification methods
have been evaluated in risk assessment, the reported clinical value differs in studies, mainly because
of differences in either methodology and/or patient selection. The present review focuses on arrhyth-
mic events in idiopathic DCM and on the value of noninvasive methods and electrophysiological study
in the risk stratification of this group of patients.

(Ital Heart J 2003; 4 (9): 580-588)

Introduction

Dilated cardiomyopathy (DCM) is a syn-
drome characterized by left or biventricular
dilation and impaired systolic function. Var-
ious etiologies can lead to DCM: coronary
artery disease (CAD), valvular heart disease,
alcohol abuse, hypertension, pregnancy, and
infections. On the other hand, idiopathic
DCM is rare (its prevalence is approximate-
ly 38/100 000)' and is defined by its not de-
termined etiology, although autoimmune,
genetic, viral and metabolic causes have
been proposed. The multiple and overlap-
ping underlying etiologies of DCM lead to
patient population heterogeneity and to dif-
ficulties in studying the disease, but despite
this fact the common feature of DCM pa-
tients remains the high incidence of sudden
cardiac death (SCD). This review focuses on
arrthythmias present in patients with idio-
pathic DCM and on the current possibilities
of risk stratification of such patients either
with noninvasive or invasive techniques.

Incidence

The prognosis of idiopathic DCM has
undergone striking changes. According to
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studies published in the *80s, annual mor-
tality rates up to 25-30% have been report-
ed, reaching 70% after 5 years of follow-
up?. More recent observations suggest im-
proved survival with total mortality reach-
ing only 7-12% and 20% after 2 and 4 years
respectively®*. These changes reflect ad-
vancements in the treatment of congestive
heart failure (CHF), consisting mainly of
the use of angiotensin-converting enzyme
(ACE)-inhibitors and beta-blockers. How-
ever, SCD still accounts for 30-50% of the
overall mortality>7.

Arrhythmogenesis

In comparison to CAD, where the ma-
jority of ventricular arrhythmias are scar-
related, autopsy series have demonstrated
visually evident left ventricular scars only
in 14 of 152 patients with nonischemic
DCMS. Similarly, Pogwizd et al.® described
a focal origin of spontaneous nonsustained
ventricular tachycardias (NSVT) conse-
quent to either early or delayed afterdepo-
larizations. Thus, various mechanisms of
arrhythmogenesis have to be considered.
Arrhythmias in heart failure arise from a
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complex interplay between the substrate and facilitat-
ing and triggering factors. Cellular hypertrophy and in-
terstitial fibrosis in the failing heart cause prolongation
of the action potential. An alternation of K* currents
creates spatial heterogeneity of repolarization as occurs
in the long QT syndromes!?. Intracellular calcium over-
load may be linked to early afterdepolarizations and
trigger torsades de pointes. Myocardial stretch due to
mechanical overloading can increase refractoriness and
membrane potential imbalance which result in early af-
terdepolarizations, increased automaticity, and ectopic
beats'!. Electrolyte imbalances, especially hypo-
kalemia and hypomagnesemia caused by diuretic ther-
apy, activation of the sympathetic nervous system and
increased circulating catecholamines also precipitate
arrhythmias.

Type of arrhythmic events

Ventricular tachycardias (VTs), most often poly-
morphic, rapidly degenerating into ventricular fibrilla-
tion (VF), are the most likely cause of SCD due to tachy-
arrhythmias. Nevertheless, the difficulty of classifying
deaths as sudden and nonsudden, and as tachy-
arrhythmic, bradyarrhythmic or noncardiac should be
borne in mind. Pratt et al.'> have analyzed deaths in 109
patients who received an implantable cardioverter-de-
fibrillator (ICD). Seventeen were classified as SCD, but
the autopsy information contradicted and changed the
clinical perception of a SCD in 7 cases. ICD interroga-
tion revealed that the ICD discharges were often relat-
ed to terminal arrhythmias incidental to the primary
pathophysiological process leading to death. They con-
cluded that even in ICD patients, death classified as
SCD was frequently not associated with VT or VF and
was often noncardiac. According to one study of nonis-
chemic DCM patients with VTs undergoing radiofre-
quency catheter ablation, 58% of presenting VTs were
due to scar-related reentry, 27% due to focal auto-
maticity, and 19% were bundle branch or fascicular
reentry'3. However, this cohort only refers to recurrent
tachycardias inducible during electrophysiological
study (EPS) and the real spectrum may be different. In
studies including patients with idiopathic DCM and
syncope after ICD implantation, the majority of ar-
rhythmic events were rapid monomorphic VTs!#13,
Bayes de Luna et al.'® have found that in 62% of pa-
tients VT that progressed to VF was observed before
death. These data may indicate that the initial arrhyth-
mia may have been VT, even though VF has been doc-
umented at the time of arrival of the emergency ambu-
lance. Interestingly, monomorphic VT with a morphol-
ogy of right bundle branch block and a superior axis
predicts a high incidence of subsequent development of
VT clusters requiring multiple ICD shocks while VTs
of other morphologies induced during EPS do not'” and
the reason for this remains unclear.
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Besides tachyarrhythmias, even bradycardia is an
important cause of SCD in patients with idiopathic
DCM. Luu et al.'® reviewed 21 hospitalized monitored
patients with end-stage CHF and showed that the
rhythm recorded before cardiac arrest was bradycardia
or electromechanical dissociation in 62% of all patients
and in 100% of patients with idiopathic DCM. Howev-
er, Faggiano et al.'® did not find any significant differ-
ence between patients with ischemic and nonischemic
cardiomyopathy, while the underlying rhythm during
in-hospital cardiac arrest in this study was tachycardia
in 58% and bradycardia in 42% of patients.

Nevertheless, bradyarrhythmia as a cause of SCD
should not be overemphasized. It seems to be the cause
of death in patients with end-stage CHF (NYHA class
IV) submitted to intensive diuretic and inotropic drug
therapy!®, while the majority of deaths in stable patients
(NYHA class IT or III) are attributable to VT or VF. Two
observations support this hypothesis. First, pacemaker
implantation in patients with conduction disorders and
syncope has never been shown to reduce SCD or pro-
long survival®® and second, there is a high incidence of
appropriate ICD shocks due to ventricular tachy-
arrhythmias in patients with syncope and idiopathic
DCM'“.

Risk stratification

Risk stratification for arrhythmic events in patients
with idiopathic DCM is complex and probably related
to the period of evaluation of these patients, being in-
fluenced by functional class, medical therapy, and left
ventricular remodeling. Zecchin et al.?! have observed
that the risk of SCD increases during the first months
following the initial evaluation with a plateau lasting
about 3.5 years; then the risk rises progressively (mor-
tality risk 3% at 3 months, 6% at 5 years, 18% at 10
years). This increased risk of SCD during follow-up is
probably related to the clinical improvement and stabi-
lization of patients with a decrease in pump failure
death attributable to optimal medical therapy with
ACE-inhibitors and beta-blockers. Therefore, the inva-
sive and noninvasive tests in risk stratification should
be considered for each patient in light of the time of ob-
servation (first observation?, long period of follow-up
with optimal medical therapy and severe left ventricu-
lar dysfunction?).

Left ventricular ejection fraction, left ventricular
diameters, NYHA functional class and atrial fibril-
lation. The left ventricular ejection fraction and func-
tional class (NYHA) are the most powerful predictors
of mortality+®2!1-26, Besides, the left ventricular diame-
ters seem to be relevant in the risk stratification of SCD
in idiopathic DCM®2!27_ Lee et al.?” have demonstrated
among patients with advanced heart failure that those
with a left ventricular diameter > 4 cm/m? had a higher
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risk of SCD (27 vs 14% after 1 year). Similarly,
Zecchin et al.2! have observed that SCD occurred, in-
dependently of symptoms, in patients with severe ven-
tricular dilation and biventricular dysfunction. The as-
sociation between a left ventricular ejection fraction
< 30% and an end-diastolic diameter > 38 mm/m?, at
the time of evaluation, was correlated with a higher risk
of sudden death during the following year (odds ratio
1.8, p = 0.005). These results suggest that ventricular
dilation identifies a subgroup of patients at a higher risk
of sudden death?!.

According to some studies?®? various factors such
as conduction disorders, first- and second-degree atrio-
ventricular block and atrial fibrillation are associated
with a poorer prognosis. However, this was not con-
firmed by others®. Atrial fibrillation was found to have
an impact on the survival prognosis at univariate analy-
sis, but not at multivariate analysis, suggesting that it
can represent only an innocent bystander associated
with the progression of the disease rather than an inde-
pendent risk factor?®.

Presence of ventricular tachycardia. Ventricular ec-
topic beats and NSVT are common in idiopathic DCM
patients (35-53%)*°. Although their ubiquity makes
their significance difficult to assess, some studies
demonstrated their prognostic value®3!. Grimm et al.®
found in 202 patients NSVT and a left ventricular end-
diastolic diameter > 70 mm as the only independent
predictors that were associated with a 14-fold increased
risk for future arrhythmic events. Nevertheless, others
have failed to confirm this finding*3°. Teerlink et al.3!
have examined whether ventricular arrhythmias were
independent and specific predictors using data from the
Prospective Randomized Milrinone Survival Evalua-
tion (PROMISE). They found that the variables of the
frequency of premature ventricular contractions, pres-
ence of NSVT, frequency of NSVT and the duration of
the longest run of NSVT were significant independent
predictors of both overall mortality and SCD, with the
frequency of NSVT being the most powerful.

Patients with spontaneous sustained VTs fare the
worst and previous studies demonstrated the efficacy of
the ICD in the secondary prevention of SCD32-34, How-
ever, despite ICD implantation, the survival of patients
with VTs stored in the ICD is significantly impaired
compared with that of patients without VTs*33, More-
over, according to the study of Bansch et al.'”, only
16% of patients with clusters of VT's survived or did not
undergo heart transplantation within 4 years of the first
cluster of VT, as opposed to 80% of patients without
VT clusters. Probably, the recurrence of VTs may be
associated with an overall deterioration and progres-
sion of idiopathic DCM.

Signal-averaged electrocardiogram. An abnormal
signal-averaged electrocardiogram (SAECG) appears
to be correlated with the extent of myocardial fibrosis
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and the incidence of late potentials is lower in idio-
pathic DCM than in CAD patients. Mancini et al.> in
their group of 114 patients have found time-domain
analysis of the SAECG to be a useful factor for risk
stratification with a 100% sensitivity and a positive
predictive accuracy of 45% for subsequent arrhythmic
events. Similarly, in a recent study including 76 pa-
tients, an abnormal SAECG was found to be associated
with a 3.7-fold increased risk for SCD’. However, oth-
ers have failed to demonstrate the prognostic value of
SAECG®3>-37,

Spectral turbulence analysis of the SAECG was
found to be independently associated with a higher
overall mortality in idiopathic DCM?3. However, it has
been observed that an abnormal spectral turbulence
analysis is not an independent risk marker in idiopath-
ic DCM but rather reflects a more advanced cardiac dis-
ease state®.

Twelve-lead electrocardiogram. Recently, Iuliano
et al.’® found that QRS prolongation (> 120 ms) is an
independent predictor of both an increased total mor-
tality and SCD in CHF (ischemic and nonischemic).
It has also been reported that a prolonged QTc inter-
val (> 440 ms) was a strong predictor of both pump
failure and SCD in patients with heart failure and B-
type natriuretic peptide (BNP) levels > 400 pg/ml.
The predictive value of a prolonged QTc interval was
independent of that of concomitant QRS abnormali-
ties*0.

An increased heterogeneity of ventricular repolar-
ization during progressive heart failure favors the de-
velopment of serious ventricular arrhythmias. Fei et
al.*! in 76 patients with idiopathic DCM did not find
QT dispersion to be a predictor for arrhythmic
events or death. In contrast, Grimm et al.*? found that
QT dispersion is significantly higher in those patients
who develop arrhythmic events, but because of a
large overlap between patients with and without sub-
sequent arrhythmic events, the clinical value of this
tool is limited. Interestingly, a study reported that
QRS and QT dispersion were both independent pre-
dictors of non-SCD, and QRS dispersion was also an
independent predictor of SCD*3. The lack of the prog-
nostic significance of QT dispersion may be inherent
to the difficulty encountered in accurately determin-
ing the dispersion of repolarization from the surface
ECG.

Heart rate variability and baroreflex sensitivity. A
decreased baroreflex sensitivity and reduced heart rate
variability after myocardial infarction have been shown
to be associated with an adverse prognosis. Conversely,
the available data on the cardiac autonomic tone in pa-
tients with idiopathic DCM are limited. A decreased
heart rate variability and particularly a reduced stan-
dard deviation of all normal to normal intervals have
been reported as independent predictors for arrhythmic
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events and SCD in idiopathic DCM?. In 178 patients
with CHF (40 with nonischemic DCM) the impairment
of the heart rate variability variables was correlated
with an increased risk of SCD and heart rate variability
appeared to have an independent prognostic value in
CHF*.Yi et al.* showed that heart rate variability is re-
duced in patients with nonischemic DCM and is also
related to the disease severity.

On the other hand, Hoffmann et al.*® in 71 patients
with nonischemic DCM did not find the heart rate vari-
ability to be a valuable tool for predicting major ar-
rhythmic events, including SCD. However, the same
group*” reported that heart rate variability, baroreflex
sensitivity, and left ventricular ejection fraction had a
weak to moderate correlation with each other, thus sug-
gesting that they may have been of independent prog-
nostic value in this population. Mortara et al.*® ob-
served among patients with CHF (50% with ischemic
heart disease) a significantly higher mortality in those
with a markedly reduced baroreflex sensitivity.

T wave alternans. Microvolt T wave alternans consti-
tutes a new promising method for the prediction of ar-
rhythmic events in idiopathic DCM®. In a recent study
the onset heart rate for positive T wave alternans < 100
b/min showed the highest positive and negative predic-
tive values (37.5 and 94.9% respectively) when com-
pared with other noninvasive methods>. Despite these
encouraging results, the determination of T wave alter-
nans is not possible in all patients and confirmation on
larger groups of patients is needed.

In view of the differences in the results of the vari-
ous published studies, the ongoing MACAS trial®! has
been designed to provide more insight into the utility of
these noninvasive risk stratification methods in idio-
pathic DCM.

Syncope. Syncope is one the most powerful risk pre-
dictors of the overall mortality and SCD>?>>4. Different
trials have shown a high incidence of appropriate ICD
shocks in 30-50% of patients with idiopathic DCM and
unexplained syncope!4!3. Grimm et al.>> compared the
incidence of appropriate ICD interventions for VT or
VF in idiopathic DCM patients with NSVT and an ejec-
tion fraction < 30%, versus patients with syncope and
patients with a history of VT or VF. Despite the differ-
ent clinical presentations, the incidence of appropriate
ICD interventions was similar in all three groups of pa-
tients (approximately 35%). Although these data sug-
gest that prophylactic ICD implantation is beneficial in
patients with syncope, precise exclusion of the known
causes of syncope is required and none of these trials
were conducted to examine whether the device can im-
prove the overall mortality.

Plasma B-type natriuretic peptide. BNP, released
from the ventricles in proportion to the intraventricular
pressure or ventricular stretching, is elevated in patients
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with heart failure. The plasma BNP levels continue to
increase along with the progression of left ventricular
dysfunction. Several studies demonstrated that BNP
levels are a particularly sensitive marker of ventricular
damage and the plasma levels of this peptide have a
prognostic role*?>6-38, Berger et al.’® have demonstrated
that plasma BNP levels are an independent predictor of
SCD in patients with heart failure and a left ventricular
ejection fraction < 35% (19% of SCD in patients with
BNP levels > 130 pg/ml vs 1% of SCD in patients with
BNP levels below this cut-off). Recently, Vrtovec et
al.*0 have found that patients with BNP levels > 400
ng/ml and with a prolonged QTc interval (> 440 ms)
have an increased risk of pump failure death and SCD.
At 6 months, including only patients with BNP levels
> 400 ng/ml, the all-cause mortality rate was signifi-
cantly higher in the prolonged QTc group (32%) than in
the normal QTc group (6%). The same held true for the
pump failure mortality (18 vs 2%) and SCD mortality
(12 vs 2%).

Electrophysiological study. In patients with CAD and
documented VT, the sensitivity of EPS is well defined
and approaches 95%. In contrast, the percentage of
nonischemic DCM patients in whom it is possible to in-
duce VT varies between 0 and 100%, depending on the
clinical presentation of the patients and on their physi-
cal status (Table I)*2437:59-71 Pooled data from available
studies show that among patients presenting with
NSVT alone, sustained ventricular tachyarrhythmias
(sustained monomorphic VT or VF) can be induced in
approximately 20%. In patients presenting with sus-
tained VT and VF, ventricular tachyarrhythmias can be
induced in almost 70 and 50%, respectively (Table II).
Overall, only approximately 60% of nonischemic
DCM patients presenting with either sustained VT or
VF are inducible at EPS. This relatively low induction
rate can be explained by the fact that the mechanism of
arrhythmia in idiopathic DCM patients is partially dif-
ferent from reentry and therefore may not be targeted
during “conventional” EPS.

The relative paucity and heterogeneity of data con-
cerning the value of EPS in idiopathic DCM patients do
not allow us to draw definite conclusions. Generally,
risk stratification using EPS is problematic because of
the low sensitivity of the method and owing to the high
incidence of arrhythmic events in patients without in-
ducible sustained VT. During the last three decades dif-
ferent studies used various stimulation protocols with a
variable “degree of aggressiveness”, ranging from only
two extrastimuli to the right ventricular apex to three
extrastimuli in both the right and left ventricles and
continuous infusion of isoproterenol during stimula-
tion. Moreover, all of these studies*?*37>%71 were sig-
nificantly limited with respect to the reported mortality
and incidence of arrhythmic events during follow-up:
1) class I antiarrthythmic therapy mostly given to pa-
tients in the pre-CAST era, 2) empirically selected an-
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Table II. Relationship between presenting and induced ventric-
ular tachyarrhythmias.

Presenting arrhythmia Arrhythmia induced during EPS

SMVT SPVT NSVT

or VF or VPB
NSVT (n=256) 25 (10%) 31 (12%) 200 (78%)
Sustained VT (n=142) 88 (62%) 12 (8%) 42 (30%)
VF (n=83) 28 34%) 12 (14%) 43 (52%)

EPS = electrophysiological study; NSVT = nonsustained ven-
tricular tachycardia; SMVT = sustained monomorphic ventricu-
lar tachycardia; SPVT = sustained polymorphic ventricular
tachycardia; VF = ventricular fibrillation; VPB = ventricular pre-
mature beats.

tiarrhythmic treatment in patients with noninducible
ventricular arrhythmias®>%7, 3) small sample size and
short follow-up period, 4) inhomogeneous enrolment
criteria and patient selection with respect to the etiolo-
gy of nonischemic DCM and presenting arrhythmia, 5)
problematic interpretation of SCD, which being based
on the experience in patients with CAD and VT, was as-
sumed to be arrhythmic and due to VT or VF despite the
fact that in patients with idiopathic DCM even electro-
mechanical dissociation and bradyarrhythmias play an
important role'®, 6) unreliable diagnosis of idiopathic
DCM®, and 7) the retrospective methodology of many
of these studies.

Besides, other questions may be raised. Certain
morphologies and axis orientations of inducible tachy-
cardia can be associated with clusters of VT and multi-
ple ICD shocks during follow-up!” and this has not
been stressed previously. Similarly, the specificity of
induction of polymorphic VT or VF during EPS is un-
resolved. Although the clinical significance of poly-
morphic VT or VF induction has never been evaluated
in large prospective studies with sufficient power in the
idiopathic DCM setting, current data suggest that this is
only a nonspecific response to a more aggressive stim-
ulation protocol. Chen et al.%’ found in their cohort of
102 patients that as many as one third of patients with
idiopathic DCM had cardiac arrest due to documented
VE. They were not able to demonstrate any relation be-
tween induced and documented ventricular tachy-
arrhythmias (VT or VF) while in none of the patients (n
= 16) in whom VF was induced during EPS did SCD
occur during a mean follow-up of 32 + 15 months. The
latter observation was also confirmed by other investi-
gators’3,

Primary prevention of sudden cardiac death
Current trends in the management of patients with

CAD, ventricular arrhythmias and a depressed left ven-
tricular function stress the superiority of ICD implant
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over antiarrhythmic treatment in primary preven-
tion’>73. This superiority of the ICD in primary preven-
tion was not found in idiopathic DCM patients with a
depressed left ventricular function. Recently, the Ger-
man Cardiomyopathy Trial (CAT) failed to prove any
benefit of prophylactic ICD implantation in patients
with recent-onset idiopathic DCM and an impaired left
ventricular ejection fraction (< 30%). The cumulative
actuarial survival rate in the CAT trial was 92, 86, and
73% in the ICD group versus 93, 80, and 68% in the
control group after 2, 4, and 6 years respectively*. The
AMIOVIRT trial did not prove the superiority of the
ICD over amiodarone in idiopathic DCM patients with
NSVT. The survival rates were 88 and 85% in the amio-
darone-treated group versus 89 and 79% in the ICD
group after 2 and 4 years, respectively’. Both trials
were only pilot studies without sufficient power to clar-
ify the role of prophylactic ICD implantation in idio-
pathic DCM with any certainty. Furthermore, as previ-
ously stated, the risk of SCD in these patients is related
to the time of observation (patient at the first observa-
tion?, patient evaluated after a long period of follow-up
with optimal medical therapy and severe left ventricu-
lar dysfunction?). Therefore, the type of population
considered in each trial could have significantly affect-
ed the survival rates and the effectiveness of the ICD in
primary prevention.

Relevant information will be available after the ter-
mination of two ongoing primary prevention trials: the
Sudden Cardiac Death Heart Failure Trial (SCD-
HEFT) and the Defibrillators in Nonischemic Car-
diomyopathy Treatment Evaluation (DEFINITE)7>75.
The SCD-HEFT is studying patients with either idio-
pathic DCM or a myopathy due to CAD with ejection
fraction < 35%. Patients are being randomized to con-
ventional therapy, amiodarone therapy, or the ICD. The
DEFINITE is including idiopathic DCM patients with
ejection fraction < 35% and NSVT or > 10 premature
ventricular contractions/hour. Patients are being ran-
domized to an ICD versus no ICD.

Conclusions

SCD in idiopathic DCM patients can be caused by
both bradycardia and ventricular tachyarrhythmia and
its mechanism may be attributed to a broad spectrum of
etiologies partially different from CAD. Several inva-
sive and noninvasive methods have been evaluated in
the risk stratification of this population, but the results
obtained so far are controversial. To date, there are no
specific guidelines. Figure 1 shows the approach used
in our institution in the risk stratification of patients
with idiopathic DCM.

The identification of high-risk patients with moder-
ate disease still remains puzzling and thus, further trials
that will bring more insight into risk stratification are
needed.
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Figure 1. The flow-chart shows the approach used in our institution in the risk stratification of patients with idiopathic dilated cardiomyopathy (DCM).
Dotted lines show an optional indication. BNP = B-type natriuretic peptide; EF = ejection fraction; EP = electrophysiological; HRV = heart rate vari-
ability; ICD = implantable cardioverter-defibrillator; LV = left ventricular; NSVT = nonsustained ventricular tachycardia; VF = ventricular fibrilla-

tion;

VT = ventricular tachycardia. + = positive.
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