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Risk Stratificatien for Arrhythmic Events in Patients With
Nonischemic Dilated Cardiomyopathy and Nonsustained Ventricular
Tachycardia: Role of Programmed Ventricular Stimulation and the

Signal-Averaged Electrocardiogram
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Objectives. This study ln\'esngmed prediction of arrhythmic
events by the signal diogram (ECG) and pro-
grammed S|llll|lilll)l! in pallenls with nonischemic dilated car-
diomyopathy.

Background, Risk stratification in patients with nonischemic

dilated cardi hy remains versial.

Methods. Eighty patients wuh nomsthemw dilated cardivmyopas
thy and sp hycardia under-
went si; (both time-domain and

spectral turbulence analysis) and programmed stimulation. Al pa-
ﬁenismfollmdupfnramannfzz * Z6mmhs

Results. phic vi was
induced in 10 patients (13%), who all received amiedarone. The
remaining 70 patients were followed up without antiarrhythmic
therapy. Of the 80 patients, 15% had abnormal findings on the
time-domaln signal-averaged ECG, and 39% had abnormal find-
ings on spectral analysis. Time-d signal-

had a better p aceuracy for
mduccd ventricular tachycardia than spectral turbulence analysis
{88% vs. 66%, p < 0.01). During follow-up, there were 9 archyth-
mic events (5 sudden deaths, 4 spontaneous ventricalar tachycar-
dig/fibrillation) and 10 nonsudden candiac deaths. Cox regressien
analysis showed that no variables predicted arrhythmic events or
total cardiac deaths, The 2-year actuarial survivad free of aerhythmic
events was simtilar in patients with or without abnormal findings on
the signal-avernged ECG or induced ventricular tachycardia.
Conclusions. In patients with nonischemic dilated cardiomyop-
athy, 1) there is a strong coselation between abnormal findings
on the time-domain signal-averaged ECG and induced ventricular
tachycardia, hut both findings are urcommon; apd 2) normal
findings on the signal-averaged ECG, as well as Faifure o induce
ventricular tachycardia, do not imply a benign outeome.
{J Am Coll Cardiol 1994;24:1523-8)

Risk stratification for scrious arrhythmic events in patients
with nonischemic dilaied cardiomyopathy remains controver-
sial (1-4). We p ively performed signal d elec-

di hy and d ventricular stimulation in 80

pa!iems;ilﬁ onischemic dilated cardi pathy and spon-
hycardia. The purpose of

taneous d ventricular
this was to identify invasive and nosinvasive markers for
arrhythmic events during long-term follow-up.

Methods

Patients. Patients were prospectively included in this study
if they had 1) nonischemic dilated cardi pathy, defined as
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left ventricular ejection fraction <0.50 without >50% stenosis
of any major coronary arteries during cardiac catheterization;
2) no spontaneous sustained ventricular tachycardia/fibrillation
or aborted sudden death; 3) frequent ventricular premature
comptexes (>>10/h) and one or more episodes of spontancous
nonsustained ventricular tachycardia defined as three or more
ventricular premature complexes, <3D s, at a rate >100/min,
during 24-h ambulatory ek phy; 4) absence of
electrolyte imbalance, antiarrhythmic drug treatment, acute
congestive heart failure, cancer or renal failurc requiring
hemodialysis.

Study design. All pzmems underwem cardize catheteriza-
tion, signal-: hy and prc
ventricular stlmulalwn within | month of the index ambulatory
clectrocardiogram (ECG).

Signal-averaged electrocardiography. Recordings were
performed with a commercially available machine (Arrhythmia
Research Technology 1200 EPX). For time-domain analysis,
signals obtained from three bipolar orthogonal leads were
amplified, filtered bidirectionally at freq b 25
and 250 Hz and 40 and 250 Hz and combined into a vector
magnitude (VX + Y* + Z%). High frequency QRS duration,
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duration of low amplitude signals <40 uV and root mean
square voltage of signals in the last 40 ms of the high frequency
QRS interval (RMS44) were calculated at both filter settings.
All recordings had a noise level <1 'V at 25 Hz. Findings on
the signat-averaged ECG were considered abnormal if 1)
RMS40 was <25 u.V al 25 H? and <6 #Vat40 Hz i in patients
without i ion defect (defined as QRS
duration >110 ms) (3); anc Z) RMS40 was <17 uV at 25 Hz
in patients with an intraventricular conduction defect of left
bunoie branch block 1ypc {6). Specual turbulence analysis was

as p J (7). Four variables were
measured for !he avcragc of leads X, Y, Z: interslice correla-
tion mean, correlation standard deviation, low slice

correlation ratio and spectral entropy. Recordings could be
scored between 0 and 4, and an abnormal spectral turbulence
analysis result was defined as a score of 3 or 4, Each electro-
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Categorization of deaths was made by one of the investigators
who was unaware of the results of the screening tests.
Statistical analysis. Continuous variables are expressed as

mean value * SD unless otherwise stated. Both continuous
variables (age, left ventncular ejection fractmn surface QRS
duration, number of num-
ber, maximal duration and mcan cycle length of runs of TIORSUS-
tained ventricular tachycardia during 24-h ambulatory

diography, values for signal ped ECG variables at 25- and
40-Hz fiiter settings, HV mterval, cycle length of induced sus-
tained phic ventricular tachycardia), as well as
variables {gender; history of pe/p pe; left
ejection fraction <30%; p of i fcull Jucti
defect; abnormal findings on the time-domain signal-averaged
ECG abnormal spectral mrbulcncc analysns mults induced

physiclogic study included eval of baseline intervals, a ventrx “‘C}Eﬂ with
sinus node and atnovenmcular nude function (when possible) dng?nn, ' . 3 enzyme I
2 - lation. The stimule.  Were analyzed using a Cox regression model to determine factors

tion pm:oool included the delivery of three extrastimuli, twice
diastolic threshold, during ventricular pacing at three cycle
lengths (600, 500 and 400 ms) to the right ventricular apex and
outflow tract. The first extrastimulus (S;) was placed 40 ms
above the ventricular effective refractory period, whereas the
second extrastimulus (S,) was placed so that 8,5, interval was
cqual to §,5,. §; was then decreased by 10-ms steps until focal
tefractoriness was achicved, at which time S, was also short-
ened, and the sequence was repeated until §; was refractory. A
similar procedure was followed after introd of tie third
cxlmsumulus (S,,) The following definitions were applied:
induced phic ventricular lachycardia = ven-
tricular tachycardia with uniform QRS configuration and cycle
length >200 ms lasting =30 s or requiring termination because
of hemadynamic compromise; induced ventricular flutter =
tachycardia with cycle length <200 ms; induced ventricular
fibrillation = polymorphic tachyarchythmia requmng dxrect
current shock for termination; ne induced

tachyarrhythmias = completion of the stimulation pmmcol
without induced sustained ventricular tachyarrhythmias.

that covaried with survival (10). This analysis was performed
initially using arrhythmic events (sp ined ventric-
ular tachycardia or fibrillation, sudden death) as an end point and
was repeated using total cardiac deaths as an end point. Survival
analysis tested differences in the outcome of patients with or
without abnormal findings on the signal-averaged ECG (by
(lme-domam criteria or speclml turbulence analysis) or induced

h dia using the Breslow
test (10). Finally, sumval analysis based on the results of signal-
averaged electrocardiography was performed in the subset of
patients with no intraventricular conduction defect.

Results

Patient characteristics. Eighty patients were enrolled in
the study (65 men, 15 women; mean [+SD] age of 59 = 12
years, range 34 10 79). The surface ECG showed sinus thythm
in 75 patients and atrial ﬁhnllauon in 5. History of syncope or
was obtai 1

Fallow-up. Antiarthythmic therapy was | ibed only if
sustained monomorphic ventricular tachycardia was induced by
programmed stimulation, The efficacy ol‘ antiarrhythmic therapy
was evaluated with repeat p or ambula-
tory electrocardiography, or both, and was defined as suppression
of induced sustained ventricular tachycardia or suppression of
spontaneous nonsustained veniricular tachycardia and =85%

yNCop p ly, in 14 and 6 patients.
Surfacc QRS interval was =110 ms in 55 patients and showed
an intraventricular conduction defect with left bundle branch
block configuration in 25. Mean ejection fraction was 0.27 =
0.08. Figure 1 illustrates the distribution of left ventricular
ejection fraction in the study patients.
ngmnmd venlrlcullr stillllallun and signal-averaged

reduction of the number of i complexes (8).
All paticnts had follow-up contact Iw clinic visits. Information
relative to arrhythmic cvents and deaths dunng follow- -up was

lation induced sus-
tained in 10 patients
(13%), vemncular flurter or ﬁhnlhmn in 7 (9%) and no

Gl o &

obtained from hospital records or relatives. S
tachycardia was defined as
requiring intervention for termination. Sudden cardiac death was
defined as witnessed death within 1| h of the onset of new
symptoms, unwitnessed death within 1 h after the patient was
seen alive or uncxpected death during sleep (9); nonsudden death
included deaths secondary to worsening cangestive heart failure.

i d tachyarrhythmias in 63 (79%). The mean cycle
ic ventricular i length of induced ventricular tachycardia was 255 + 10 ms
(range 225 to 320). Sustained ventricular tachycardia was

induced by two extrastimuli in four patienis and by three
extrastimuli in the remaining six. Mean HV interval was 54 *
12 ms, with values >55 ms in 22 (28%) of 80 paticnts.
Abnormal findings on the time-domain signal-averaged ECG
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Figare 1. Distribution of left ventricular e]ecuon fraction values in 80
smdy patients with dilated

were detected in 12 patients {15%), whereas spectral turbu-
lence analysis results were abnormal in 31 {39%). The predic-
tive accuracy of nme-domam 5|gnal averaged electrocardio-
graphy for induced v di ignificantly

for induced was
better than that of spectral lurbulence analysis (70 [8‘%r 2] of SO
vs. 53 [66%] of 80, respectively, p < 0.01).

Survival analysis. All study patients were followed up fora
mean of 21.8 = 25.7 months at 6-month intervals, and no
patients were lost to fullow-up in the i lmenm ln the lmlml p.m
of the study. patients with inducibl
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tachycardia were discharged without antiarthythmic drugs.
Permanent pacemaker implantation was performed in two
patients. One patient had a history of syncoge and was found
to have an HV interval of 90 ms; perminent pacing was
requuled by the referring physxcxan One pa'xem with induced
1 ventricular tachy loped severe symptom-
atic sinus bradycardia and ired dual-ch pacing. No
changes in antiarrhythmic therapry were made during follow-
up. However, two patients with induced sustained ventricular
tachycardia were not compliant with amiodarone thevapy.
There was 2 total of nige arthythmic events (three sustained
ventricular tachycardias, one ventricular fibrillation. five sud-
den deaths) and 10 nonsudden cardiac deaths. Among patients
with induced sustained ventricular tachycardia. three had
arrhythmic evenls {ventricular tachycardia in three, two of
whom had discontinued amiodarone) and one nonsudden
death. Among patients without induced sustained ventricular
tachycardia, six had archythmic events (sudden death in five,
documented ventricular fibrillation in one) and nine nonsud-
den deaths. There were no archythmic events among patients with
induced ventricular flutter or fibrillation. Among patients with
abnormal findings on the time-domain signal-averaged ECG, two
had arthythmic events and one nonsudden death. Among pa-
tieats with no abnormal findings on the time-domain signal-

were first given class 1A ic drugs (procainamide or
quinidine); four of these patients underwent repeat pro-
grammed stimulation, and they all had persistently induced
sustained monomorphic ventricular tuchycardia. These four
patients were subsequently treated with amiodarone; the re-
maining patients with inducible tachycardia received amioda-
rone as the first antiarrhythmic drug. All patients with induced

ined ventricular tachycardia were discharged with amio-
darone therapy, which was found 1o be effective by ambulatory
ECG criteria in all patients. Of four patients who underwvent
repeat programmed stimulation, two had no induced sustained
ventricular tachycardia, and two had induced sustained ven-
tricular tachycardia that was slow and hemodynamically ioler-
ated. All patients without induced sustained ventricular

Figure 2. Two-year actuarial survival curves for arrhyth- £
oic cvents in patients with nonischemic dilated cardio-
myopathy classified by the ontcome of programmed %
stimulation. The number of patients followed up at each
time wterval is indicated at the bottom. Ind VT+ =

ged ECG, seven had arthythmic events and nine pensudden
death. Among patients with abnormal spectral turbulence analy-
sis results, five had arrhythmic events and five ronsudden death.
Among patients with no abrormal spectral turbulence analysis
results, four had arrhythmic events and five nonsudden death.
Survival analysis with the Cox propurtional hazards model
demonstrated that rone of the variables examined was signif-
icantly associated with arrhythmic events or total cardiac
mortality. Figure 2 shows the survival analysis based on the
results of programmed stimulation. Two-year survival free of
arrhythmic events was similar in patients with or without
induced d ventricular dia (75 + 15% s, 87 £
3%, tespectively, p = NS). Two-year cumulative survival
(without cardiac death) was also similar in paticnts with or

IndVT-:B7%

Ind VT +: 78%

induced sustained ventricular tachycardia; Ind VT— = “a4
no induced sustained ventricular tachycardia; triangles
= patients with induced sustained ventricular tachycar- 2]
dia; squares = paticnts with no induced sustained
1y ia. Data are as mean
value + SE. e
[]
aVTe 10
avr- 7

[y 1
Folum-ups {menthe)
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Figure 3. Two-year actuarial survival curves for arrhythmic events in
patients with noni i dila(cd i classified by find-
ings on the time-domaj d {SAECG).
The number of patients fulluwcd up at each time interval is indicated
at the bottom. SAECG+ = abnormal findings; SAECG- = no
abnormal findin,», triangles = patients with abnormal findings;
squares = putients without abnormal findings. Data are expressed as
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(17,21-24). The prevalence of abnormal findings on the time-
domain signal-averaged ECG was also low (16%). In patients
with nonischemic dilated yopathy, abnormal findings on
the sxgnal averaged ECG are an accurate predictor for induced

achycardia, whereas abnor-
mal spectral mrbulence analysis results do not improve ventricu-
lar tachycardia prediction (21-23).

Riskstratification for sudden deathin patients with nonisch-
emic dilated cardiomyopathy., An important finding in this
study is that the presence of normal findings on the signal-
averaged ECG and lack of inducibility of sustained monomor-
phic ventricular tachycardia did not portend a favorable prog-
nusis. In fact, there was a high incidence of arrhythmic events
and a high total cardiac mortality rate in patients with no
induced sustzined ventricular tachycardia or normal findings
on the signal-averaged ECG. Several feports on the prognostic
value of programmed stimufation in patients with dilated

mean valbe = SE.

without induced ia (67 + 16%
vs, 71 * 6%, respectively, p NS) Flgure3shows the survival
analysis based on the results of the time-domain signal-
averaged ECG. Two-year survival free of arrhythmic events
was similar in patients with or without abnormal findings on
the time-domain signal-averaged ECG (87 £ 12% vs. 83 % 6%,
respectively, p = NS). Two-year cumulative survival was also
similar in patients with or without abnormal findings on the
time-domain signal-averaged ECG (79 * 13% vs, 68 * 7%,
p = NS). No significant differences in arrhythmia-free or
cumulative survival were found when patients with or without
abnormal spectral turbulence were compared. Finally,
arrhythmia-free and cumulative survival analysis limited to
patients without intraventricular conduction defect did not
show any significant differences among patients with or without

are ized by small sample size, short
follow- up duratmn (11-15,18,20), inkomogeneous enrollment
criteria with inclusion of patients with spomaneous sustained

tachyarrhythmias (14,19) and disp h
with antiarrhythmic drugs bcmg cmpirically to
patients with nomnducxble ventricular tachycardia (20) Our
study shares some limitations of previous studies, i

small size, but it has the advantage of reporting follow-up data
for a well defined group of patients with noninducible ventric-
ular tachycardia, none of whom received empiric antiarrhyth-
mic therapy.

Few studies have investigated the prognostic value of lhe
ignal d ECG in noni ic dilated cardi
(25—27) In a study by Mancini et al. (26), the !Imc-domam
signal-averaged ECG was found to be a predictor of survival in
114 patients with dilated cardiomyopathy. Freedom from
adverse events (ventricular tachycardia, death) was signifi-
cantly higher in patients with normal findings on the signal-

abnormal findings on the time-domain signal ged ECG.

Discussion
This study of a rclatwely large, humugeneous group of

ged ECG than in those with abnormal findings or bundle
branch block. However, the nonhomogeneous nature of the
study group (including patients with and without sustained
ventricular tachyarrhythmias), the empiric use of antiarchyth-

mlc drugs, which could have influenced both the results of the
}

patients with nonisch dilated
to ldenufy strategies that could i improve risk stratification for
serious arrhythmic events. Several noninvasive and invasive

ig d ECG (28) and clinical outcome, may explain
the discrepnncles between the report of Mancini et al. and the
present study. In a recent study of 6% patients with idiopathic

variables, including slgnal-averagcd ECG and pog d
results, were
Programmed stimulation and the signal-avenged ECG in

dilated cardi Keeling et al. (27) suggested that
spectral analysis rather than the time-domain signal-averaged
ECG may be useful to identify patients at risk of sudden death.
However, the number of adverse events in the Keeling et al.
study was small, and no statistical significance was reached.
Our data do not support the findings of Keeling et al. We
showed that a high degree of spectral turbulence is a nonspe-

ischemic dilated cardiomyopathy. The ind rate of
ined phic ventricular tachycardia was low in our
patients (13%} but simifar to that reported in previnus studies of
patients with nonischemic dilated y »;_-n-w «ad no spon-
taneous d ventricular tachycardias brillati cific ch

sudden death (0% to 14%) (11-20). Thus, the electrophysiol

istic in patients with nonischemic dilated car-

Y

substrate for induced sustained monomorphic ventricular tachy~
cardia may be less common in patients with nonischemic dilated
cardiomyopathy compared with those with ischemic heart disease

diomyopathy (23).

Study limitations and clinical implications. One method-
ologic problem shared by all studies of patients with dilated
cardiomyopathy is the difficulty in classifying unwitnessed



JACC Vol. 24, No. 6
November 15, 1994:1523-8

sudden cardiac death as an arthythmic death. The assumption
that a sudder death is likely to be due to a tachyarrhythmia was
originally mad in studies of survivors of myocardial infarction
(9) and may not be applicable to patients with nonischemie
dilated cardiomyopathy. Although in postinfarction patients
the occurrence of sudden death is commonly assaciated with
the finding of sustained vent:icular tachycardia or ventricalar
fibrillation on ECG recordings (29}, in patients with dilated
cardiomyopathy bradyarrhythmias or electromechanical disse-
Ciation may play a more important role (30). If spontaneous
ventricular tachyarrhythmias arising from a fixed anatomic-
electrophysiologic substrate only cause a limited proportion of
lzthal events in dilated cardiomyopathy, the low incidence of
abnormal findings on the signal-averaged ECG and induced
ventricular tachycardia in this setting, and their inability to
predict survival, aie not surprising, Analysis of risk factors for
sudden death in patients with inducible tachyeardia is also
limited by the lack of ¢ control group, including patients who
were followed up without antiarrhythmic therapy. Thus, no
conclusion can be drawn from the present study with regard to
survival of patients with inducible tachycardia who received
amiodarone. However, these patients represented only a small
fraction of the total group. By contrast, we found a high sudden
death rate in the larger group with no induced sustained
ventricular tachycardia and normal findings on the signak-
averaged ECG who had no antiarrhythmic treatment during
follaw-up These results show that paticnts with nonsustained

hycardia and nonisch dilated cardiomyopa-
thy clearly differ from those with ischemic heart disease; in
fact, in the latter setting noninducibility seems 1o confer 2
relatively benign prognosis (20.24,31,32). Our data strongly
support the conclusion that novel risk stratification strategies
for sudden death should be sought in patients with nonisch-
emic dilated cardiomyapathy.
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