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Introduction

In spite of a reduction in total mortality
and death due to progressive heart failure, in
the last two decades the incidence of sudden
cardiac death (SD) in patients with idio-
pathic dilated cardiomyopathy (IDC) has
not been significantly modified1. Class I an-
tiarrhythmic drugs2, digoxin3 and ACE-in-
hibitors4,5 do not reduce the incidence of
SD, while treatment with beta-blockers6-8,
and perhaps with amiodarone (especially in
patients with non-ischemic heart failure)9,10

has recently been shown to be potentially ef-
fective. 

In addition, it is very difficult to individ-
ualize the risk. In fact, although SD is, in ab-
solute terms, more frequent in the advanced
stages of the disease11, it represents the first
cause of death among patients with less se-
vere cardiomyopathy4,5,12. Besides, the nat-
ural history of the disease and treatment can
remarkably modify, in one way or another, the
parameters traditionally considered �markers�
of severity and the related risk of SD. In
most of the studies where a prognostic strat-
ification was attempted, patients were eval-
uated only at the time of diagnosis or, in any
case, before starting an effective therapy and
sometimes many years before the final event.
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Background. In spite of a total mortality reduction in recent years, sudden cardiac death (SD) re-
mains a major problem in patients with idiopathic dilated cardiomyopathy (IDC) and its occurrence
is often unpredictable. Furthermore, the risk of SD may change during follow-up because of the nat-
ural history of the disease and the effects of therapeutic interventions. In our study, we evaluated the
modifications of the risk of SD during follow-up in a cohort of patients with IDC and analyzed the vari-
ables predicting SD not only at enrolment but also at the last examination during optimal medical treat-
ment.

Methods. Since 1978, 343 consecutive patients with IDC were enrolled in the Heart Muscle Disease
Registry of Trieste (Italy) and submitted to complete invasive and non-invasive study. Patients were
re-evaluated usually at intervals of 12 months.

Results. After a mean of 68 ± 45 months, 125 events (death, heart transplantation or aborted SD)
had occurred. The cumulative risk after 5 years was 30%, while after 10 years it almost doubled (54%).
During the first 3 months after enrolment, the incidence of SD was high (3%). A plateau, lasting about
3.5 years, followed. A slow but progressive rise in the risk of mortality then occurred (6% at 5 years,
18% at 10 years). No variables evaluated at enrolment were associated with SD at multivariate analy-
sis. On the other hand, the end-diastolic left ventricular diameter (≥ 38 mm/m2) and ejection fraction
(≤ 0.30) were predictive of SD if evaluated within 1 year before the event. Beta-blocker treatment was
associated with a non-significant reduction of risk.

Conclusions. In patients with IDC the incidence of SD progressively increased during long-term fol-
low-up, especially in those with persistent severe left ventricular dilation and dysfunction who were not
on beta-blocker treatment. Serial clinical evaluation may help to select patients at higher risk for SD.
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Furthermore, in most studies the sample population was
rather heterogeneous (cardiac decompensation of vari-
ous etiology) or limited in the number of patients.

In this study we evaluated 343 consecutive patients
with IDC enrolled in the Heart Muscle Disease Registry
of Trieste (Italy). At enrolment all patients were sub-
mitted to invasive and non-invasive work-up. Follow-
up lasted many years and consisted of serial clinical and
instrumental evaluation. We retrospectively analyzed the
incidence of progressive heart failure and SD during
long-term follow-up and tried to identify the parameters
predicting SD at the time of diagnosis and at the last eval-
uation before the fatal events.

Methods

Patient selection. From January 1, 1978 to June 30,
1997, 343 patients with IDC were prospectively stud-
ied and enlisted in the Heart Muscle Disease Registry
of Trieste (Italy). All these patients underwent com-
plete physical examination, electrocardiography (12-
lead electrocardiography, Holter monitoring since 1980,
and since 1991 signal-averaged electrocardiography),
echocardiography (two-dimensional, M-mode since
1982 and Doppler since 1989), chest X-ray, an exercise
stress test and hemodynamic evaluation comprehen-
sive of coronary angiography. For the patients with an
inadequate echocardiogram, the left ventricular ejection
fraction was quantified at radionuclide ventriculography.
IDC was diagnosed if the left ventricular ejection frac-
tion was < 50% in the absence of any other known car-
diac disease13. According to this definition, patients
with moderate to severe hypertension (> 170/100
mmHg), significant coronary artery disease (> 50%
stenosis in an epicardial vessel), right ventricular ar-
rhythmogenic cardiomyopathy, severe valvulopathies,
high alcohol assumption (> 100 g/die), tachycardia-in-
duced cardiomyopathies, systemic diseases potentially
causing left ventricular dysfunction, severe pericardial
and congenital diseases, cor pulmonale and patients
with suspected cardiotoxicity were excluded from the
study.

At diagnosis most patients underwent endomyocar-
dial biopsy to exclude active myocarditis (according to
the Dallas criteria)14; in 15 cases (diagnosed since 1995)
with a history of heart failure lasting > 24 months and
a low clinical probability of active myocarditis, this
procedure was not performed.

During the first decade of enlistment, patients were
treated since diagnosis with digoxin and diuretics. In this
period amiodarone was administered in the presence of
frequent and/or repetitive ventricular arrhythmias even
when asymptomatic. 

ACE-inhibitors were introduced since the mid �80s,
initially in patients with more severe heart failure ac-
cording to the data published in the literature15.

Since the end of the �80s all patients had been treat-
ed, if tolerated and in the absence of contraindications,

with digoxin, ACE-inhibitors, beta-blockers and di-
uretics (as required). Since the mid �90s, an automatic
cardioverter-defibrillator (AICD) was implanted in pa-
tients with sustained and poorly tolerated ventricular
tachycardia, with a history of cardiac arrest due to ven-
tricular tachyarrhythmias or with syncope of unknown
origin. In this period amiodarone was administered in
the presence of non-sustained but particularly frequent,
complex or symptomatic ventricular or supraventricu-
lar arrhythmias.

Since 1988, all patients were offered the possibility
of participating in a follow-up program, including ser-
ial evaluation according to clinical requirements, at the
Heart Failure Outpatient Clinic of the Division of Car-
diology of Trieste (Italy). A schedule requiring infor-
mation regarding the possible occurrence of events,
subjective conditions, therapeutic regimens currently un-
derway and the physician in charge was annually sent
to all patients who were no longer followed at our Out-
patient Clinic. 

Endpoint definition. All causes of death, aborted SD
and heart transplantation were considered primary end-
points. Death was classified as due to progressive heart
failure (including death due to refractory heart failure and
�expected� SD, i.e. preceded by significant worsening
of heart failure), �unexpected� SD (occurring within 1
hour of the development of new symptoms or during
sleep in stable NYHA class I-III patients), other car-
diovascular deaths, undetermined causes (whenever it
was not possible to determine the reason with certain-
ty) and extracardiac causes. 

Indications for heart transplantation included fre-
quent hospitalization due to refractory heart failure or
refractory life-threatening arrhythmias, or a peak oxy-
gen consumption < 10 ml/kg/min at the exercise test.

Patients submitted to heart transplantation were in-
cluded in the group of pump failure deaths, since in our
population refractory heart failure was the only indica-
tion for this procedure. Three patients who were resus-
citated from cardiac arrest due to ventricular fibrillation
and then treated with an AICD were classified as abort-
ed SD and included in the SD group. 

Follow-up was terminated on September 30, 1999 or
when the patient died or was submitted to heart trans-
plant. Endpoint information was obtained either di-
rectly from the patient during evaluation at follow-up or
by telephone interview to the patients, their relatives or
to the referring physicians. With regard to the patients
lost to follow-up, data were obtained from the birth
registry of the place of residence.

Statistical analysis. First of all we analyzed the survivor
functions from the time of initial evaluation using the
Kaplan-Meier method and the incidence of progressive
heart failure and of SD during long-term follow-up. 

The clinical findings at enrolment of patients with-
out subsequent fatal events during follow-up (group 1)
were compared with those of patients who later died of
heart failure (group 2) or SD (group 3). Then, the non-
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invasive variables obtained at the last evaluation in pa-
tients who survived at least 1 year thereafter (group A)
were compared with those of patients who died of pro-
gressive heart failure (group B) or SD (group C) within
1 year. Differences among group means were compared
by one-way analysis of variance using the Sheffè test for
paired comparison. Differences among proportions were
compared using the χ2 test applying the Yates correction.
The Cox proportional hazards model was used to analyze
the relation between SD and prognostic indices both at en-
rolment and at the last evaluation. 

All clinical data of our patients were recorded in a
computerized database (Heart Muscle Disease Reg-
istry) at the Heart Failure Outpatient Clinic (DBMS
Oracle 8.4 on localnet Windows NT). For our statisti-
cal analysis the SPSS version 6.0 for Windows was
used. Data are expressed as mean ± SD or as percent-
ages. A p value of < 0.05 was considered as statistical-
ly significant. 

Results

From January 1, 1978 to June 30, 1997, 343 pa-
tients with IDC with an average follow-up of 68 ± 45
months were enrolled in the Heart Muscle Disease Reg-
istry.

Among these, 125 primary events occurred: 48 pa-
tients (38%) died of refractory heart failure and 29 un-
derwent heart transplantation; 33 (26%) experienced
an unexpected (in 3 cases aborted) SD; 15 (12 %) died
of other cardiovascular diseases, non-cardiac or un-
known causes (Table I).

Analyzing the event-free survival curve, the slope
seemed to remain constant during long-term follow-up
(Fig. 1) with an average annual event rate of 6.43
events/100 patients-year. The cumulative risk of primary
events after 5 years was 30%, while after 10 years this
percentage almost doubled (54%). 

Even the heart failure rate tended to increase pro-
gressively reaching 22% at 5 years, but showed a slow-
er rise during the following years (32% at 10 years).

The slope of the �unexpected� SD curve sharply in-
creased during the first months following enrolment
(mortality risk 3% at 3 months), was followed by a
plateau lasting about 3.5 years and then rose slowly
but progressively (mortality risk 6% at 5 years, 18% at
10 years). 

Figure 2 shows the annual event rate according to the
different causes of death in two consecutive 5-year pe-
riods during follow-up. During the first 5 years, the in-
cidence of �unexpected� SD (1.44/100 patients-year) was
lower compared to that of progressive heart failure
(4.93/100 patients-year). On the other hand, during the
following 5-year period, the incidence of SD slightly in-
creased (2.38/100 patients-year; p = NS vs SD inci-
dence in the first 5 years) and was higher than that of pro-
gressive heart failure (1.58/100 patients-year, p = 0.006
vs incidence of progressive heart failure in the first 5
years).

The incidence of SD was particularly high during the
first 3 months (9.6/100 patients-year up to the third
month vs 0.9/100 patients-year from the third to the six-
tieth month). In the first period of follow-up, SD occurred
in 8 patients with mild symptoms of heart failure but with
severe left ventricular dilation, biventricular dysfunction
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No. patients 343
Follow-up (months) 68 ± 45
No. primary events 125
Deaths 93
Deaths for pump failure/heart 
transplantations 77 (62% of events)

Heart transplantations 29 (23% of events)
Refractory heart failure 37 (30% of events)
Expected SD 11 (8% of events)

Unexpected (including aborted) SD 33 (26% of events)
Aborted SD/sustained ventricular 
tachycardia 3
Pulmonary embolism 1 (1% of events)
Non-cardiac causes 8 (6% of events)
Unknown causes 6 (5% of events)

Table I. Heart Muscle Disease database: follow-up results. 

SD = sudden death.

Figure 1. Risk of death or heart transplantation in 343 patients with idiopathic dilated cardiomyopathy enrolled in the Heart Muscle Disease Registry
from 1978 to 1997.
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and often with a left ventricular restrictive filling pat-
tern. All these patients were on ACE-inhibitor treat-
ment, while only 4 were on beta-blockers (1 on sotalol,
3 on metoprolol, 2 of them on low dosages) (Table II). 

At enrolment, a history of syncope was present in 15
patients: 9 patients of group 1 (4%), 5 of group 2 (6%), and
1 of group 3 (3%) (p = NS); during follow-up, a syncopal
episode occurred in 10 more patients (5 treated afterwards
with an AICD) who were still alive at the end of enrolment
(in 1 patient a spontaneous sustained ventricular tachycardia
was documented) and in 2 patients who later died of heart
failure. During follow-up, no syncopal episodes were ob-
served in patients in whom SD occurred. 

Table III shows the parameters evaluated at enrolment
in patients still alive at the end of follow-up (group 1),
in patients who died of heart failure (group 2) and in pa-
tients in whom SD occurred (group 3). The NYHA

functional class was lower in patients of group 1, but was
similar in patients of groups 2 and 3. At echocardio-
graphic evaluation, the left ventricular end-diastolic di-
ameter, volume and ejection fraction and the right ven-
tricular shortening fraction of areas were significantly
less compromised in patients of group 1 compared to
those of group 2, but not to those of group 3. Similar re-
sults were obtained comparing hemodynamic data.

With regard to the therapy administered at enrolment,
a higher percentage of patients of group 1 were on
ACE-inhibitors and beta-blockers while the opposite was
true for digoxin, diuretics and antiarrhythmics. Group
2 and 3 treatments were very similar.

None of the variables evaluated at enrolment were
predictive of SD at multivariate Cox analysis.

Table IV compares the data collected more than 12
(but less than 24) months before the end of the study in
patients still alive (group A), with those evaluated with-
in the last year before death for progressive heart fail-
ure (group B) or SD (group C). At the last evaluation,
patients of group B showed more severe symptoms and
exercise limitations. Similarly, the mean heart rate was
higher in this group and the frequency of patients in si-
nus rhythm was lower. No significant differences among
groups were shown on ventricular arrhythmias. 

At echocardiographic evaluation, in group C the left
ventricular systolic function and dimensions, although
significantly better than in group B, were significantly
more compromised than in group A. Group B patients
were less frequently treated with ACE-inhibitors and be-
ta-blockers, while more frequently treated with antiar-
rhythmics (mainly amiodarone). In this group, amio-
darone treatment was interrupted in a lower (although
not significantly different) proportion of patients owing
to side effects, while similar withdrawal rates charac-
terized groups A and C (group A 35% after 875 ± 820
days; group B 6% after 569 ± 718 days, group C 33%
after 1159 ± 837 days; p = NS). 

On multivariate analysis, the left ventricular ejection
fraction (10 unit increase: odds ratio-OR 0.79, 95%
confidence interval-CI 0.69-0.90, p = 0.010) was an
independent predictor of SD; a strong trend of signifi-
cance resulted for beta-blocker treatment (OR 0.84,
95% CI 0.70-1.01, p = 0.068) and left ventricular end-
diastolic diameter (10 mm/m2 increase: OR 1.25, 95%
CI 0.95-1.64, p = 0.079). Using an arbitrary cut-off, the
association between a left ventricular ejection fraction
≤ 0.30 and an end-diastolic diameter ≥ 38 mm/m2 at the
last evaluation was significantly correlated with an 88%
higher risk of SD (95% CI 1.21-2.93, p = 0.005) during
the following year (Table V).

Discussion

Incidence of sudden death during follow-up in dilated
cardiomyopathy. In the last years, a significant mortality
reduction in patients with heart failure and IDC was re-
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NYHA class 2 ± 0.8
Interval between symptom onset
and diagnosis (months) 21 ± 19
Systemic arterial pressure (mmHg) 126 ± 18
Heart rate (b/min) 83 ± 12
Ventricular extrasystoles/24 hours 78 ± 124
Ventricular couplets/24 hours 2.6 ± 4.3
Non-sustained VT/24 hours 0.2 ± 0.2
LVEDDI (mm/m2) 37 ± 6 (> 33 mm/m2: 87%)
LVEDVI (ml/m2) 133 ± 40
LVEF 0.26 ± 0.08 (< 0.40: 100%)
E deceleration time (ms) 140 ± 50 

(restrictive filling pattern: 50%)
Right ventricular dysfunction 75%
ACE-inhibitor therapy 87%
Beta-blocker therapy 50% (1 sotalol, 3 metoprolol)

Table II. Characteristics of patients who died suddenly within 3
months of enlistment (n = 8).

LVEDDI = left ventricular end-diastolic diameter index; LVEDVI
= left ventricular end-diastolic volume index; LVEF = left ven-
tricular ejection fraction; VT = ventricular tachycardia; Restric-
tive filling pattern = E deceleration time < 120 ms. 

Figure 2. Cause of death during follow-up in 343 patients with idiopathic
dilated cardiomyopathy enrolled in the Heart Muscle Disease Registry from
1978 to 1997. * p = 0.006 compared to incidence of progressive heart fail-
ure in the first 60 months.
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ported by several authors1,16 and a great proportion of
patients can significantly improve with close follow-up
and optimization of medical treatment17. However, the
long-term outcome and cause of death are not clearly
known. 

In our retrospective analysis of a wide population of
patients with IDC enrolled in the last two decades, at en-
rolment all patients satisfied the criteria of diagnosis13,
underwent the same invasive and non-invasive initial
evaluation and were followed with regular non-invasive
examinations according to the clinical requirements.
Nevertheless some patients were evaluated for the first
time many years ago. This caused some heterogeneity
in clinical status and treatment and may be a limitation
of our analysis.

We observed a significant reduction in mortality
due to heart failure after 5 years of follow-up (from
4.93/100 to 1.58/100 patients-year; p = 0.006), while
even the SD incidence rose (from 1.44 to 2.38/100 pa-
tients-year; p = NS), becoming the first cause of death
in the long term. A possible explanation of the increas-
ing rate of SD during follow-up in our population was
the competitive risk between heart failure and arrhyth-
mic events. The high probability of long-term clinical

improvement or stabilization17, the consequent signif-
icant reduction in progressive heart failure achieved
with ACE-inhibitors and beta-blockers and rigorous
follow-up in specialized centers could have determined
an increase in the number of patients with stable left ven-
tricular dysfunction exposed, in the long term, to the risk
of SD. The trend towards a late increase in SD rate to-
gether with the reduction in the incidence of progressive
heart failure after the first 5 years of follow-up seemed
in accordance with this hypothesis. 

In the V-HeFT experience18, SD was more frequent
in the first year of follow-up (both in ischemic and non-
ischemic patients). Even in our experience, there was a
particularly high incidence of SD during the first 3
months after enrolment in our Registry (9.6/100 pa-
tients-year). Despite the fact that in these patients a
specific clinical pattern was not apparent, some of them
had been referred to our center because of worsening
conditions after some years of disease (mean duration
of symptoms 21 ± 19 months) or because of an inade-
quate response to initial therapy. Furthermore, beta-
blocker treatment was not yet started or the target dosage
had still not been achieved in most of the patients who
died suddenly during the first months after enrollment.
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Group 1 Group 2 Group 3 p
(n=218) (n=77) (n=33)

Follow-up (months) 82 ± 43 40 ± 36 49 ± 39
Gender (males) 75 78 87 NS
Age (years) 48 ± 13 46 ± 18 42 ± 16 NS
NYHA class (I-IV) 1.9 ± 0.8* 2.5 ± 0.9 2.3 ± 0.6** < 0.0001
Symptom duration (months) 24 ± 40 39 ± 49 26 ± 38 NS
Heart rate (b/min) 79 ± 13 79 ± 13 78 ± 12 NS
Left bundle branch block (% pts) 30 39 50 NS
Sinus rhythm (% pts) 90 89 83 NS
Ventricular ectopic beats/hour 110 ± 225 91 ± 188 73 ± 134 NS
Couplets/hour 2.7 ± 8.3 2.5 ± 6.9 2.8 ± 8.5 NS
Non-sustained VT/hour 0.02 ± 1.5 0.1 ± 0.4 0.2 ± 0.3 NS
LVEDD (mm/m2) 37 ± 5* 41 ± 6 38 ± 6 < 0.0001
LVEDV (ml/m2) 110 ± 41* 133 ± 49 115 ± 48 0.008
LVEF (%) 30 ± 9* 27 ± 10 28 ± 9 0.042
RVSFA (%) 45 ± 16* 34 ± 19 36 ± 18 0.0005
E deceleration time (ms) 165 ± 71* 104 ± 51 134 ± 48 < 0.0001
Bicycle exercise time (s) 635 ± 242* 510 ± 273 640 ± 213 0.001
Mean PAP (mmHg) 18 ± 9* 25 ± 13 20 ± 7 < 0.0001
Mean AoP (mmHg) 87 ± 12 83 ± 15 85 ± 11 0.045
RAP (mmHg) 4 ± 3 4 ± 3 4 ± 2 NS
Cardiac output (l/min) 7.1 ± 2* 5.1 ± 1.8§ 7.3 ± 2.3 < 0.0001
PAWP (mmHg) 11 ± 7* 16 ± 10 12 ± 7 0.0003
ACE-inhibitors (% pts) 82* 56 74 < 0.0001
Beta-blockers (% pts) 69* 38 39** < 0.0001
Digitalis (% pts) 81* 96 97 0.001
Diuretics (% pts) 63* 86 77 0.0005
Antiarrhythmics (% pts) 36* 49 58** 0.019
Amiodarone (% pts) 18 26 27 NS

Table III. Data at enlistment (patients with non-cardiac causes, pulmonary embolism and unknown causes are excluded).

AoP = aortic pressure; LVEDD = left ventricular end-diastolic diameter; LVEDV = left ventricular end-diastolic volume; PAP = pul-
monary arterial pressure; PAWP = pulmonary arterial wedge pressure; RAP = right atrial pressure; RVSFA = right ventricular shorten-
ing fraction of areas. Other abbreviations as in table II. * p < 0.05 group 1 vs group 2; ** p < 0.05 group 1 vs group 3; § p < 0.05 group
2 vs group 3.
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Mechanism and clinical predictors of sudden death.
It is difficult to identify the parameters predicting ar-
rhythmic events, even because the mechanisms under-
lying SD in patients with IDC are not yet well known.
In heart failure of ischemic origin, it is deemed that
SD due to hyperkinetic arrhythmias prevails, whereas
hypokinetic deaths (total atrioventricular block, pul-
monary embolism, cerebral emboli, electromechanical
dissociation) are responsible for less than 5% of cases19.
In dilated cardiomyopathy, the mechanisms underly-
ing the hyperkinetic arrhythmias may not be the same
as those observed in ischemic heart disease20,21 and,
especially in more advanced stages, the cause of SD may
not necessarily be a hyperkinetic arrhythmia22. 

In most papers, the interval between clinical-instru-
mental evaluation and the fatal event was considerable,

with the possibility that the therapeutic agents and the
natural history of the disease could have modified, even
substantially, the clinical patterns; thus, the risk of car-
diac death in general and that of SD and pump failure
could not necessarily be the same during long-term fol-
low-up. For these reasons it is likely that, in view of sev-
eral suggested variables predicting SD23, the results of
the various papers are not univocal and the evaluation
of the risk for the single patient turns out to be difficult.

The event is particularly dramatic for those patients
who had no or only mild symptoms until then. Our
analysis confirms that the NYHA functional class in pa-
tients who died suddenly was, even close to the event,
comparable with the functional class of patients with a
favorable outcome. 

The severity of left ventricular dysfunction is cer-
tainly indicated by many studies as one of the major pre-
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Group A Group B Group C p
(n=202) (n=57) (n=24)

Follow-up§§ (months) 18 ± 7 4 ± 4 6 ± 5 NS
Gender (males) 75 77 083 NS
Age (years) 48 ± 13 49 ± 19 50 ± 16 NS
NYHA class (I-IV) 1.5 ± 0.7* 3.2 ± 0.8§ 1.9 ± 0.8 < 0.0001
Symptom duration (months) 75 ± 50 68 ± 58 80 ± 63 NS
Heart rate (b/min) 67 ± 12* 80 ± 20§ 67 ± 16 < 0.0001
Left bundle branch block (% pts) 35 46 50 NS
Sinus rhythm (% pts) 089* 057§ 90 < 0.0001
Ventricular ectopic beats/hour 52 ± 141 76 ± 145 71 ± 97 NS
Couplets/hour 0.8 ± 4.3 2.2 ± 5 1.8 ± 3.4 NS
Non-sustained VT/hour 0.02 ± 0.08* 0.8 ± 4.1 0.07 ± 0.13 NS
LVEDD (mm/m2) 34 ± 6* 41 ± 8§ 36 ± 6 < 0.0001
LVEDV (ml/m2) 91 ± 37* 138 ± 53 116 ± 53** < 0.0001
LVEF (%) 41 ± 12* 22 ± 9§ 31 ± 12** < 0.0001
RVSFA (%) 50 ± 12* 28 ± 15§ 48 ± 18 < 0.0001
E deceleration time (ms) 202 ± 64 106 ± 47 214 ± 102 NS
Bicycle exercise time (s) 674 ± 224* 341 ± 234§ 711 ± 213 < 0.0001
ACE-inhibitors (% pts) 92* 73§ 9600 00.0002
Beta-blockers (% pts) 86* 38§ 63** < 0.0001
Digitalis (% pts) 69* 930 96** 0.0001
Diuretics (% pts) 49* 840 7100 < 0.0001
Antiarrhythmics (% pts) 30* 590 3300 00.0004
Amiodarone (% pts) 25* 590 3300 00.0003

Table IV. Data at the last evaluation.

Abbreviations as in tables II and III. * p < 0.05 group 1 vs group 2; ** p < 0.05 group 1 vs group 3; § p < 0.05 group 2 vs group 3;  
§§ interval between the last visit and the end of follow-up (group A) or the fatal event (groups B and C).

Beta SE OR 95% CI p

Beta-blocker treatment -0.18 0.09 0.84 0.70-1.01 0.068
LVEF (10 unit increase) -0.24 0.07 0.79 0.69-0.90 0.010
LVEDDI (10 mm/m2 increase) 0.22 0.14 1.25 0.95-1.64 0.079

Beta-blocker treatment -0.39 0.23 0.68 0.43-1.06 0.091
LVEF ≤ 0.30 + LVEDDI ≥ 38 mm/m2 0.63 0.23 1.88 1.21-2.93 0.005

Table V. Independent predictors of sudden death at last evaluation.

CI = confidence interval; OR = odds ratio; SE = standard error. Other abbreviations as in table I.
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dictors of SD and total mortality. Analyzing the ESVEM
study24, left ventricular dysfunction (rather than non-sus-
tained arrhythmias) was predictive of major arrhythmic
events, and it was observed that a 5% reduction in left
ventricular ejection fraction raised the risk of arrhyth-
mic death by 15%. In the V-HeFT II trial25 only the ejec-
tion fraction was predictive of both progressive heart fail-
ure (p = 0.0004) and SD (p = 0.0002). Moreover, in the
same trial, the presence of ventricular couplets or tachy-
cardia was predictive of total (p = 0.0002) and pump fail-
ure death (p = 0.02), but not of SD (p = 0.06). Even in
the paper by Brouwer et al.26, ventricular arrhythmias
were correlated with total death but not with SD. In our
population the left ventricular ejection fraction evaluated
shortly before the event was significantly worse in pa-
tients who died suddenly compared to that observed in
patients with a favorable outcome.

Even left ventricular dilation seemed to identify a
subgroup at higher risk of SD. It is well known that �my-
ocardial stretch� can cause membrane-potential insta-
bility, thus creating the premises for the occurrence of
early post-potentials and triggered activity27 that, ac-
cording to some28, is the main mechanism underlying ar-
rhythmias in patients with heart failure. Lee et al.29 ob-
served that, among patients with advanced heart failure,
those with a left ventricular diameter > 4 cm/m2, even
with similar hemodynamic parameters and indepen-
dently of etiology, had a worse prognosis and a signif-
icantly higher risk of SD (27 vs 14% after 1 year; p =
0.04). Among patients with IDC, Grimm et al.30 iden-
tified those with an end-diastolic diameter > 70 mm (and
non-sustained ventricular tachycardias) as a group with
a particularly high risk of major arrhythmic events. In
our population the left ventricular end-diastolic diam-
eter was a significant and independent predictor of SD
only within 1 year of the event.

Our data confirm that the parameters evaluated at the
time of diagnosis may often be poor predictors of out-
come31; in fact, while in patients who died suddenly there
were little modifications in terms of left ventricular di-
mensions and function during follow-up (Tables II and
III), patients who survived, despite similar clinical find-
ings at enrolment, had a much greater left ventricular
ejection fraction and smaller left ventricular dimen-
sions at the last visit. According to our data, the persis-
tence, during long-term follow-up, of a particularly
poor left ventricular function (ejection fraction ≤ 0.30)
together with severe dilation (end-diastolic diameter 
≥ 38 mm/m2) could identify patients (even asympto-
matic) at a higher risk of SD. 

Sudden death prevention. The role of drugs in reduc-
ing SD in patients with IDC is still uncertain. Our work
did not include a randomized and controlled evaluation
of the effects of therapy on mortality and on the cause
of death; nevertheless, data analysis allows some con-
siderations. Table IV shows that patients who died sud-
denly were, compared to survivors, more frequently

treated (in the year preceding the event) with digoxin (96
vs 69%, p < 0.05) and less frequently with beta-block-
ers (63 vs 86%, p < 0.05).

It is reasonable to assume a certain negative effect
of digoxin on arrhythmic mortality. In support of this hy-
pothesis, it is opportune to recall that, in the DIG trial3,
a small but statistically significant increase in cardiac
mortality not due to heart failure (therefore at least part-
ly arrhythmic) was observed in the group treated with
digoxin vs placebo (15 vs 13%, p = 0.04). On the oth-
er hand, the possibility that beta-blockers can reduce SD
is, now, a fact confirmed by the large trials recently
published6-8. The incidence of SD in our population
(mostly treated with beta-blockers since the second half
of the �80s) after 1 year of follow-up (3.3%) was com-
parable to that of the US Carvedilol (1.7% at 6 months
in the carvedilol group)6, the CIBIS II (3.6% at 1.3
years in the bisoprolol group)7 and the MERIT-HF
(3.5% at 1 year in the metoprolol group)8 trials. Even
though our study was not conceived to evaluate the ef-
fects of beta-blockers, on multivariate analysis the ab-
sence of such treatment was of borderline significance
in predicting SD.

In accordance with the literature data4,5,15, there
were no evident effects of ACE-inhibitor therapy on SD
in our population.

The role of amiodarone in preventing SD is not well
defined, but a possible beneficial effect cannot be ex-
cluded, especially in patients with non-ischemic IDC9,10.
In our population a low withdrawal rate (6%) and the fre-
quent use of amiodarone (59%) at the last evaluation
characterized group B. On the other hand, in groups A
and C a higher interruption rate (35 and 33% respec-
tively) and a lower proportion of patients treated (25 and
33% respectively) were evident. Thus, it cannot be ex-
cluded that interruption of amiodarone therapy during
follow-up could have a certain role in modifying the
cause of death or increasing the SD rate in patients with
persistent severe left ventricular dysfunction and dila-
tion.

The debate about the need of an AICD for primary
prevention in selected patients with IDC is still un-
solved. Its favorable effect in protecting patients from hy-
perkinetic arrhythmia is certain; nevertheless it is still dif-
ficult to select those patients who can really benefit
from this therapy. In our population, the long-term SD
rate, although increasing during follow-up, was proba-
bly too low to justify the extensive use of AICDs. Besides,
with regard to the groups at particularly high risk such
as those with a history of aborted SD or poorly tolerat-
ed ventricular tachycardias32,33 and probably even those
with IDC and syncope of unknown origin34, there are not
yet sufficient data about the real efficacy of the automatic
defibrillator as a measure of primary prevention in IDC.
For this reason, it is important to make an effort to se-
lect patients with a relatively higher risk of SD and a low-
er risk of death due to pump failure who could really ben-
efit from implantation of an AICD.
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It is to be hoped that the results of the Sudden Car-
diac Death in Heart Failure Trial35 on prophylactic
amiodarone vs implantable defibrillator and those of the
DEFINITE trial36 will be able to give operatively use-
ful answers.

In the meantime, it is necessary to find the best tai-
lored treatment of heart failure for the single patient, pos-
sibly including beta-blockers. Nevertheless, serial eval-
uation of some parameters (such as for example left ven-
tricular dilation and function) also in clinically stable pa-
tients with a long-term follow up, can be useful, keep-
ing in mind that, in most patients, the efficacy of drugs
and the right timing in selecting alternative therapeutic
strategies to prevent SD are still uncertain.

In conclusion, although medical treatment reduced
death due to pump failure in patients with IDC, the risk
of SD was not substantially modified in population
studies. Only recently have beta-blockers and, to a
much lower extent, amiodarone, shown a significant ben-
efit in reducing the incidence of SD. 

In our paper we retrospectively analyzed a large
population of patients with IDC and submitted to long-
term follow-up including serial examinations.

In our population, pump failure was the first cause
of death in the first 5 years, but then its incidence
dropped dramatically. On the other hand, the incidence
of SD was particularly high during the first months af-
ter diagnosis and tended to rise only after 5 years of fol-
low-up, to become the first cause of death. 

In our study, we did not find, at first evaluation, any
parameter capable of predicting SD. However, mildly
symptomatic patients with persistent severe left ven-
tricular dilation and dysfunction and on optimal medical
treatment during long-term follow-up were at higher risk
of dying suddenly in the following year, especially if not
taking beta-blockers.

Although stratification of the risk in the single pa-
tient remains difficult, serial non-invasive controls dur-
ing follow-up can help to select patients with a higher
risk of SD. Whether this could have any operative con-
sequence remains to be proved.
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