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mplantable cardioverter-defibrillator therapy improves
ong-term survival in patients with unexplained syncope,
ardiomyopathy, and a negative electrophysiologic study

osé Mauricio Sánchez, MD, William T. Katsiyiannis, MD, Brian F. Gage, MD,
ane Chen, MD, Mitchell N. Faddis, MD, PhD, Marye J. Gleva, MD,
imothy W. Smith, DPhil, MD, Bruce D. Lindsay, MD

rom the Cardiovascular Division, Department of Internal Medicine, Washington University School of Medicine,

t. Louis, Missouri.
OBJECTIVES The purpose of this study was to evaluate the long-term outcomes of patients with
unexplained syncope, ischemic or nonischemic cardiomyopathy, and a negative electrophysiologic
study (EPS).
BACKGROUND EPS is frequently performed to evaluate syncope in patients with left ventricular
dysfunction. Limited long-term data evaluating all-cause mortality in patients with no inducible
arrhythmia or examining the potential benefits from implantable cardioverter-defibrillator (ICD) ther-
apy are available.
METHODS We evaluated 102 consecutive patients with unexplained syncope, cardiomyopathy, and a
negative EPS from September 1996 to December 2000. A blinded matched case-control analysis
utilized 51 of these patients (19 treated with an ICD and 32 matched controls treated with conventional
therapy). We compared primary endpoint of death and documented cardiac arrest of patients treated
with ICD therapy to matched controls.
RESULTS Baseline characteristics were similar between groups. There were 14 primary events among
the study population during a follow-up period of 44.3 � 20 months: 2 in the ICD group and 12 in the
conventional therapy group. The hazard ratio for the risk of event in the ICD group compared with the
conventional therapy group was 0.18 (95% confidence interval, 0.04–0.85; P � .04). Other comorbid
conditions, including age, sex, ischemic etiology of heart failure, ejection fraction, and antiarrhythmic
use, did not predict outcome. Appropriate ICD shocks occurred in 26% of patients at 2 years.
CONCLUSIONS This study suggests that empiric ICD therapy improves long-term outcomes in patients
with unexplained syncope, ischemic or nonischemic cardiomyopathy, and negative EPS.

KEYWORDS Syncope; Implantable cardioverter-defibrillator; Negative electrophysiologic study; Car-
diomyopathy; Long-term outcome; Cardiac arrest
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nexplained syncope is a common diagnosis, accounting
or approximately 3% of emergency room visits and 1% to
% of hospital admissions.1,2 In patients with structural
eart disease, this symptom may herald a life-threatening
rrhythmia.3 Mortality is increased in persons with cardiac
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yncope and in persons with syncope from unknown cause.4

isk stratification with electrophysiologic studies (EPS) has
een used to determine the need for implantable cardio-
erter-defibrillator (ICD) placement. Although data exist
hat support such treatment in patients with ischemic car-
iomyopathy and inducible ventricular arrhythmias,5,6 pa-
ients with negative EPS also may be at high risk for sudden
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eath.7 Results of EPS have especially poor predictive value
n patients with nonischemic cardiomyopathy.8 ICD therapy
ay improve survival in these patients with a prior history

f syncope.9 Knight et al10 demonstrated that the incidence
f appropriate ICD shocks in patients with nonischemic
ardiomyopathy, unexplained syncope, and negative EPS
as comparable to the incidence of patients with docu-
ented sustained ventricular arrhythmia. Debate continues

s to whether patients with unexplained syncope, ischemic
r nonischemic cardiomyopathy, and a negative EPS benefit
rom ICD therapy.11–14 There are few studies evaluating the
ong-term outcomes of ICD therapy in these patients. The
urpose of this study was to evaluate the long-term out-
omes of patients with unexplained syncope, ischemic or
onischemic cardiomyopathy, and a negative EPS.

ethods

tudy population

We retrospectively evaluated 102 consecutive patients
rom September 1996 to December 2000 who presented
ith unexplained syncope, depressed left ventricular func-

ion, regardless of etiology, and negative EPS. Patients with
ecent myocardial infarction within 4 weeks of symptoms,
ercutaneous coronary intervention or coronary artery by-
ass graft surgery within 2 months of EPS, New York Heart
ssociation functional class IV for congestive heart failure,
istory of seizure, life-threatening malignancy, or no objec-
ive assessment of ejection fraction by echocardiography,
eft ventriculography, radionucleotide ventriculography, or
uclear cardiac imaging were excluded from the study.
atients with a history of sustained ventricular tachycardia
VT), those resuscitated from sudden cardiac death, and
hose with prior positive EPS were excluded. Patients with
bvious neurocardiogenic syncope or vasovagal syncope
lso were excluded.

Patient outcomes were followed with a primary endpoint
f survival free of death or documented cardiac arrest.
eath was determined by accessing the national Social
ecurity Death Index. A documented cardiac arrest did not

nclude appropriate ICD shocks for VT or ventricular fibril-
ation (VF).

Appropriate ICD therapy was examined. The number of
atients who had both appropriate and inappropriate ICD
ischarges was compared to rates in a registry group of
onsecutive patients during the same time period with un-
xplained syncope, inducible monomorphic VT on EPS,
nd left ventricular dysfunction.

lectrophysiologic evaluation

Informed consent was obtained prior to all procedures.
rogrammed ventricular stimulation was performed using

ingle, double, and triple extrastimuli. Sustained monomor- w
hic VT was the only endpoint considered a positive re-
ponse to programmed ventricular stimulation. Patients with
entricular rhythms other than monomorphic VT were con-
idered noninducible.

efinitions

Unexplained syncope was defined as the transient inter-
uption of cerebral perfusion manifested by loss of con-
ciousness and an inability to maintain postural tone with
pontaneous recovery and no clear identifiable cause deter-
ined by careful history, physical examination, or testing

i.e., ECG, telemetry, laboratory data). Ischemic cardiomy-
pathy or ischemic etiology of heart failure was defined as
ngiographic evidence of �75% luminal occlusion of at
east one of the major epicardial coronary arteries resulting
n left ventricular systolic dysfunction.15 Nonsustained ven-
ricular tachycardia was defined as �3 consecutive ven-
ricular beats at a rate �100 bpm. Sustained ventricular
achycardia was defined as VT lasting �30 seconds or
ssociated with hemodynamic collapse requiring counter-
hock. Monomorphic VT was defined as any well-defined
entricular QRS complex with constant axis and morphol-
gy on 12-lead ECG, with a VT cycle length �200 ms.16

olymorphic VT was defined as VT with variable ventric-
lar QRS morphology and axis from beat to beat on at least
ne ECG lead. Ventricular fibrillation was defined as an
rrhythmia of ventricular origin with a cycle length �200
s requiring cardioversion. Definitions of sudden cardiac

eath, cardiac death, and noncardiac death were standard-
zed per Kim et al.17 Reported shocks were confirmed for
ustained VT or VF by analysis of stored electrograms.
ppropriate ICD therapy was defined as an ICD discharge

or a VT that meets programming criteria for VT or VF zone
f device.

reatment

Treatment was not specified by the protocol. The de-
ision for ICD placement was based on the response to
rogrammed ventricular stimulation and the judgment of
he attending physician.

linical follow-up

Follow-up of patients who received an ICD was per-
ormed in the arrhythmia clinic at intervals of 3 to 6
onths. Patients who did not receive ICD therapy were

ollowed by the referring physician. The national Social
ecurity Death Index was accessed to determine date of
eath (available at http://www.ancestry.com/search/rec-
ype/vital/ssdi/main.htm). Chart review of patients who
eceived an ICD to determine evidence of ICD therapy
as performed on all ICD patients. No patients receiving

n ICD were lost to follow-up. The last day of follow-up

as the date of death for patients who died and was
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369Sánchez et al ICD Therapy Improves Long-Term Survival
arch 30, 2003 for patients who were not listed as
aving died on or before this date.

tatistical analysis

While blinded to survival status and length of follow-
p, we matched patients who received an ICD to patients
ndergoing conventional therapy who did not. We com-
ared categorical variables using the Chi-square test (or
isher exact test for expected counts �5) and the (non-
aired) Student’s t-test for continuous variables.

Using a logistic regression model, we developed a
ropensity score using key variables (beta-blocker use,
ntiarrhythmic use, ejection fraction, and ischemic etiol-
gy of heart failure) to predict the likelihood that the
atient would have received an ICD.18 This score was
sed to match two cases per one control. If only one
ontrol was available for a case, we chose to keep the
ase-control pair rather than exclude the data.

Kaplan-Meier survival curves19 were compared using
he log rank test. Covariate-adjusted analyses of out-
omes were performed using a Cox proportional hazards
odel.20 Predictor variables (e.g., ischemic etiology of

eart failure) with P � .15 were entered into a left to
ight multivariate Cox proportional hazards model. For
ll analyses, P � .05 was considered significant. All tests
f significance were two tailed. Analyses were performed
sing the SPSS for Windows statistical software package
version 10.0.5; SPSS, Chicago, IL, USA) and SAS for
indows statistical software package (version 6.12; SAS,

able 1 Baseline characteristics of patients with unexplained s

haracteristic

ge (yr)
ale
ace (Caucasian)
schemic cardiomyopathy
evascularization
iabetes mellitus
ypertension
yslipidemia
obacco
amily history of coronary artery disease
jection fraction
erum sodium
erum BUN
erum creatinine
ther sustained ventricular arrhythmias
spirin
eta-blocker
ngiotensin-converting enzyme/angiotensin receptor blocker
igoxin
iuretic
ntiarrhythmic drug
H interval (ms)
V interval (ms)
ary, NC, USA). g
esults

atients

Of the 102 patients evaluated, 21 patients received ICD
herapy and 81 patients did not. All patients had decreased
eft ventricular systolic function, unexplained syncope, no
rior documented sustained ventricular arrhythmia, and no
nducible monomorphic VT on EPS. Two of 21 ICD pa-
ients had no match and were excluded. The 19 remaining
CD patients were blindly matched to 32 conventional ther-
py patients by previously stated method. Appropriateness
f matching was confirmed by comparing the ICD (n � 19)
nd conventional therapy (n � 32) on all relevant variables.
he clinical characteristics of the 51 matched patients are
iven in Table 1. Baseline characteristics and the preva-
ence of cardiac medications used were similar in the two
roups, except for the number of patients with dyslipi-
emia (P � .04) and the number of patients with sustained
nducible ventricular arrhythmia other than monomorphic
T (P � .02).

oninvasive evaluation

Patients underwent baseline ECG measurement and
lood work upon admission. Left ventricular ejection frac-
ion was obtained by echocardiography, left ventriculogra-
hy, nuclear imaging, or radionucleotide ventriculography.
ean left ventricular ejection fraction was 27% in the ICD

, cardiomyopathy, and negative electrophysiologic study

ICD (n � 19) No ICD (n � 32) P value

59.9 � 15.9 60.9 � 12.7 .80
15 (79%) 26 (81%) .84
14 (74%) 24 (75%) .92
9 (47%) 19 (59%) .41
6 (32%) 9 (28%) .79
6 (32%) 10 (31%) .98

10 (53%) 21 (66%) .36
8 (42%) 5 (16%) .04

11 (58%) 19 (59%) .92
7 (37%) 7 (22%) .25

0.27 � 0.07 0.27 � 0.06 1.00
139.1 � 3.0 138.9 � 2.9 .79
25.2 � 24.7 28.4 � 17.4 .63
1.3 � 0.3 1.6 � 1.4 .35
6 (31%) 2 (6.25%) .02

17 (89%) 24 (75%) .21
5 (26%) 11 (34%) .55

17 (89%) 25 (78%) .30
8 (42%) 15 (47%) .74

11 (58%) 19 (59%) .92
3 (15%) 2 (6%) .27

107 � 33 92 � 26 .11
59 � 12 55 � 14 .28
yncope
roup and the control treatment group (P � 1.0).
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lectrophysiologic evaluation

At the time of EPS, a standard protocol at Washington
niversity Medical Center was used for evaluation of syn-

ope for patients with structural cardiac abnormalities.
ean sinus node recovery time, AH interval, and HV in-

erval were similar between both groups. An inducible EPS
as defined as sustained monomorphic VT. All patients

ncluded in this study were noninducible for sustained
onomorphic VT. Other sustained ventricular arrhythmias,

uch as sustained polymorphic VT and VF, were elicited: 6
n the ICD group and 2 in the conventional therapy group
P � .02, 30% vs 6.25%).

utcome

Primary endpoint event occurred in 14 cases: 2 deaths in
he ICD group and 10 deaths and 2 resuscitated cardiac
rrests in the conventional therapy group during a follow-up
f 44.3 � 20 months. This finding excluded any appropriate
r inappropriate ICD therapy delivered. Patients with unex-
lained syncope, cardiomyopathy, and a negative EPS
reated with ICD therapy had an improved actuarial survival
ree of death or documented cardiac arrest compared to the
onventional therapy group at 2 years (P � .03 by log rank,
00% vs 78.1%) and at 4 years (P � .04 by log rank, 94.7%
s 68%). Mean survival free of death or documented cardiac
rrest was 73 � 4.4 months for the ICD group and 55.9 �
.9 months for the matched conventional therapy group by
aplan-Meier analysis (Figure 1).
The hazard ratio from a Cox regression analysis that

ompared the risk of death or cardiac arrest per unit of time

igure 1 Kaplan-Meier analysis showing actuarial survival free
f death or cardiac arrest of patients with unexplained syncope,
schemic or nonischemic cardiomyopathy, and a negative electro-
hysiologic study who received an implantable cardioverter-defi-
rillator (ICD) compared with those who did not.
n the ICD group with that in the conventional therapy v
roup was 0.18 (95% confidence interval, 0.04–0.85; P �
04) The hazard ratio of 0.18 indicates an 82% reduction in
he risk of death or documented cardiac arrest at any interval
mong patients in the ICD group compared with the con-
entional therapy group (Figure 2).

Beta-blocker use was associated with improved outcome,
ith a hazard ratio for death or documented cardiac arrest
.08 (95% confidence interval, 0.01–0.73; P � .03.) In
ontrast, presence of diabetes mellitus was associated with
orsened outcome, with a hazard ratio for death or docu-
ented cardiac arrest 4.1 (95% confidence interval, 1.8–

2.5; P � .01). Cox regression analysis revealed no evi-
ence that any of the other preselected baseline variables
ad a meaningful influence on the hazard ratio (Table 2).
he presence of ischemic etiology of heart failure was
ot predictive of outcome by either univariate or multi-
ariate analysis in this study. The presence of other
ustained ventricular arrhythmias considered noninduc-
ble did not predict outcome. None of the eight patients
ith a sustained ventricular arrhythmia other than mono-
orphic VT suffered an adverse outcome event during

ollow-up. Antiarrhythmic use did not affect outcome of
he primary endpoint.

CD discharge rate

Appropriate ICD therapy was delivered in 5 of 19
atients (26.3%) with syncope, cardiomyopathy, and neg-
tive EPS. This rate was compared to the rate of a
eparate registry group of 19 cardiomyopathy patients
ho had unexplained syncope, were inducible for mono-
orphic VT, and subsequently underwent ICD placement

uring the same time period. Baseline characteristics
etween groups were similar, except that the number of

igure 2 Cox regression analysis showing the risk of death or
ardiac arrest per unit of time in patients with unexplained syn-
ope, ischemic or nonischemic cardiomyopathy, and a negative
lectrophysiologic study who received an implantable cardio-

erter-defibrillator (ICD) compared with those who did not.
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371Sánchez et al ICD Therapy Improves Long-Term Survival
atients who had ischemic cardiomyopathy was greater
n the registry group who were inducible for monomor-
hic VT (Table 3). This finding is not surprising, as most
ata supporting use of ICD therapy in this setting have
ccurred in patients with ischemic etiology of heart fail-
re. Table 4 lists the number of patients receiving appro-
riate and inappropriate defibrillator discharges in pa-
ients with unexplained syncope, cardiomyopathy, and
egative EPS compared with the registry group of pa-
ients with syncope and positive EPS. The number of
atients receiving appropriate ICD therapy at 2 years was
ot statistically different between groups. Inappropriate
CD therapy rate also was similar.

able 2 Cox regression showing independent associations with

ariable

ge
ender
ace (Caucasian)
schemic cardiomyopathy
evascularization
iabetes mellitus
ypertension
CD
jection fraction
ther sustained ventricular arrhythmias
ngiotensin-converting enzyme/angiotensin receptor blocker
ntiarrhythmic
eta-blocker
yslipidemia
amily history of coronary artery disease
obacco use

able 3 Baseline demographics of patients compared for ICD d

haracteristic

ge (yr)
ale
hite

schemic cardiomyopathy
istory of revascularization
iabetes mellitus
ypertension
yslipidemia
obacco
amily history of coronary artery disease
jection fraction
erum sodium
erum BUN
erum creatinine
spirin
eta-blocker
ngiotensin-converting enzyme/angiotensin receptor blocker
igoxin
iuretic
ntiarrhythmic drug
H interval (ms)

V interval (ms)
iscussion

ain findings

Patients with unexplained syncope and severe left ven-
ricular dysfunction are at a high risk for death.21,22 Our
ndings indicate that patients with unexplained syncope,

eft ventricular dysfunction, and noninducible arrhythmia
n EPS have improved long-term survival free of death and
ocumented cardiac arrest if treated with ICD therapy.
ompared with conventional medical therapy, ICD therapy
as associated with an 82% reduction in the risk of death or

ry endpoint

ariate
lue

Multivariate
P value

Hazard
ratio Confidence interval

NS
NS
NS
NS
NS
.02 4.1 1.80–12.5
NS
.04 0.18 0.04–0.85
NS
NS
NS
NS
.02 0.08 0.01–0.73
NS
NS
NS

e rate

Inducible registry
(n � 19)

Noninducible
(n � 19) P value

70.2 � 9.6 59.9 � 15.5 .10
17 (89%) 15 (79%) .25
18 (94%) 14 (74%) .07
16 (84%) 9 (47%) .03
11 (58%) 6 (32%) .1
10 (53%) 6 (32%) .19
13 (68%) 10 (53%) .21
11 (58%) 8 (42%) .33
10 (53%) 11 (58%) .92
5 (26%) 7 (37%) .50

0.28 � 0.06 0.27 � 0.07 .56
40.2 � 2.7 139.1 � 3.0 .66
26.2 � 9.5 25.2 � 24.7 .36
1.7 � 1.7 1.3 � 0.3 .08

17 (89%) 17 (89%) 1.00
9 (47%) 5 (26%) .18

15 (79%) 17 (89%) .85
9 (47%) 8 (42%) .74
9 (47%) 11 (58%) .33
5 (26%) 3 (15%) .50
110 � 44.9 107.4 � 33.4 .53
prima

Univ
P va

.31

.94

.23

.59

.38

.12

.21

.11

.65

.31

.21

.40

.07

.60

.72
ischarg
55.1 � 14.8 58.9 � 12.0 .45
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ocumented cardiac arrest over a follow-up of 44.3 months
range 24.3–64.3 months). Both groups were well matched
nd received similar cardiac medical therapy.

Although the exact reasons for ICD placement are un-
nown between groups, the ICD group had a statistically
ignificantly higher proportion of patients with ventricular
hythms other than sustained monomorphic VT at the time
f EPS (P � .02, 30% vs 6.25%). This finding on EPS may
ave influenced the decision to proceed to ICD placement in
uch a population. The other ventricular arrhythmias con-
idered noninducible were not predictive of outcome in our
nalysis (P � .31), with no patient in this subgroup suffer-
ng a primary endpoint event. The presence of ischemic
tiology of heart failure and the history of a previous re-
ascularization were analyzed in both univariate and mul-
ivariate statistical analysis. Both failed to affect outcome in
his patient population. Antiarrhythmic agents had no sig-
ificant influence on the observed outcome.

rior studies

The natural history of patients with unexplained syncope
nd nondiagnostic EPS has been examined in the litera-
ure.23 Prior studies have examined ICD event rates in
atients with syncope and structural heart disease. Andrews
t al24 demonstrated that time to first ICD therapy for these
atients and those with documented history of sustained
entricular was not significantly different. Knight et al25

rospectively compared the outcomes of patients with non-
schemic cardiomyopathy, syncope, and a negative EPS
reated with ICD therapy to patients with nonischemic car-
iomyopathy and history of cardiac arrest treated with ICD.
here was no significant difference in time to first shock,
umber of appropriate shocks, or mortality between patients
ith a history of nonischemic cardiomyopathy and syncope
roup compared with those who survived cardiac arrest.
his finding suggested that patients with syncope and non-

schemic cardiomyopathy are at substantial risk for sudden
eath and benefit from ICD therapy.

Brilakis et al26 found that programmed ventricular stim-
lation was not a useful method for risk stratification in
atients with idiopathic dilated cardiomyopathy and syn-
ope and may delay necessary ICD implantation. Fonarow
t al9 concluded that patients with nonischemic advanced
eart failure and syncope treated with an ICD had lower
udden cardiac death at 2 years.

The results of the current study are consistent with the
esults of preceding studies. Our study differs by its inclu-

able 4 Incidence of ICD shocks in patients with inducible vs
oninducible sustained ventricular tachycardia

EPS � EPS � P value

ppropriate 7/19 (36.8%) 5/19 (26.3%) .49
nappropriate 2/19 (10.5%) 4/19 (21.1%) .37
ion of patients with ischemic and with nonischemic etiol-
gy of heart failure and use of matched cases to compare
atients who received ICD therapy with those who did not.

tudy limitations

The limitations of our study include the retrospective
valuation of patient outcomes. Treatment determination
as not standardized and therefore may be inherently sub-

ect to bias. We limited other confounding factors by using
propensity score to match cases to controls while blinded

o the study’s outcome and adjusting for covariates with
ultivariate analysis. Using a propensity score, which im-

roved statistical power, limited our sample size. Lack of
he cause of death prevented us from testing the hypothesis
hat ICD placement prevented sudden cardiac death. Al-
hough the cause of death could have been estimated from
eath certificates, these certificates are often erroneous.27,28

onclusions

atients with unexplained syncope, cardiomyopathy, and a
egative EPS are at high risk for death. Empiric ICD ther-
py improves long-term outcome in patients with unex-
lained syncope and ischemic or nonischemic cardiomyop-
thy, even when EPS is negative.
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