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ABSTRACT

BACKGROUND

Exercise-induced ventricular ectopy predicts an increased risk of death in population-
based cohorts. We sought to examine in a clinical cohort the prognostic importance of
ventricular ectopy immediately after exercise, when reactivation of parasympathetic
activity occurs. We hypothesized that ventricular ectopy after exercise (i.e., during the
recovery phase) would predict an increased risk of death better than ventricular ectopy
during exercise.

METHODS

We studied 29,244 patients (mean [£SD] age, 56+11 years; 70 percent men) who had
been referred for symptom-limited exercise testing without a history of heart failure,
valve disease, or arrhythmia. Frequent ventricular ectopy was defined by the presence of
seven or more ventricular premature beats per minute, ventricular bigeminy or trigem-
iny, ventricular couplets or triplets, ventricular tachycardia, ventricular flutter, torsade de
pointes, or ventricular fibrillation.

RESULTS

Frequent ventricular ectopy occurred only during exercise in 945 patients (3 percent),
only during recovery in 589 (2 percent), and during both exercise and recovery in 491
(2 percent). There were 1862 deaths during a mean of 5.3 years of follow-up. Frequent
ventricular ectopy during exercise predicted an increased risk of death (five-year death
rate, 9 percent, vs. 5 percent among patients without frequent ventricular ectopy during
exercise; hazard ratio, 1.8; 95 percent confidence interval, 1.5 to 2.1; P<0.001), but fre-
quentventricular ectopy during recovery was a stronger predictor (11 percentvs. 5 per-
cent; hazard ratio, 2.4; 95 percent confidence interval, 2.0 to 2.9; P<0.001). After propen-
sity matching for confounding variables, frequent ventricular ectopy during recovery
predicted an increased risk of death (adjusted hazard ratio, 1.5; 95 percent confidence
interval, 1.1 to 1.9; P=0.003), but frequent ventricular ectopy during exercise did not
(adjusted hazard ratio, 1.1; 95 percent confidence interval, 0.9 to 1.3; P=0.53).

CONCLUSIONS

Frequent ventricular ectopy during recovery after exercise is a better predictor of an in-
creased risk of death than ventricular ectopy occurring only during exercise.
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HE CLINICAL IMPORTANCE OF VEN-
tricular ectopy during exercise stress test-
ing is uncertain. There is conflicting evi-
dence about the relation of exercise-induced
ventricular ectopy to coronary artery disease or to
cardiovascular risk.1-10 The prognostic implications
of when ventricular ectopy occurs (i.e., during or
after exercise) have not been well characterized.
Recent work has established that vagal reactiva-
tion normally occurs in the early period of recovery,
immediately after exercise.11 In the absence of nor-
mal vagal reactivation, heart-rate recovery is atten-
uated, with an associated increase in mortality.12-15
Therefore, attenuated vagal reactivation during re-
covery might be associated with ventricular ectopy
that is not suppressed. Accordingly, we prospective-
ly studied the hypothesis thatventricular ectopy dur-
ing recovery would be a stronger predictor of an
increased risk of death than ectopy that occurred
during exercise.

METHODS

STUDY DESIGN

Consecutive patients referred for symptom-limited
treadmill exercise testing at the Cleveland Clinic
Foundation in Cleveland between 1990 and 1999
were eligible. Exclusion criteria included an age of
less than 30 years, absence of a U.S. Social Security
number, symptomatic heart failure or use of digox-
in, valvular disease, end-stage renal disease, pres-
ence of a pacemaker, concurrent evaluation for an
arrhythmia, a history of cardiac transplantation,
atrial fibrillation, heart block, and frequent ven-
tricular ectopy at rest, as defined below. If a patient
had undergone more than one treadmill test, only
the first test was considered. The resulting study
group of 29,244 patients included 2743 patients
whom we previously reported on in a study that fo-
cused on ventricular ectopy during exercise only and
that involved only two years of follow-up.1® The
local institutional review board approved research
based on the prospectively obtained computerized
clinical data sets from the stress laboratory. The re-
quirement for obtaining informed consent was
waived.

The methods by which clinical data are prospec-
tively obtained in our laboratory have been described
in detail.12:13,15,17 Before treadmill testing, all pa-
tients undergo a structured interview and chart
review. Data are prospectively collected regarding
symptoms, risk factors, diagnoses, medicines, and
prior cardiac procedures.

The exercise-testing protocols used in our labo-
ratory have been described in detail.1” The patients
undergo symptom-limited exercise testing accord-
ing to standard protocols. During each stage of
exercise, data on heart rate, blood pressure, elec-
trocardiographic changes, and arrhythmias are pro-
spectively recorded.

Chronotropic incompetence was considered
present if no more than 80 percent of heart-rate
reserve was used by peak exercise in the absence of
beta-blocker use.1® An abnormal heart-rate recovery
was defined as failure of the heart rate to fall by
more than 12 beats during the first minute after ex-
ercise1213; among patients undergoing stress echo-
cardiography, the cutoff value was more than 18
beats per minute.15 Functional capacity was con-
sidered abnormal if the estimated number of met-
abolic equivalents was fair or poor for age and sex
according to a validated scheme.1? The persons
responsible for acquiring data were unaware of
the hypothesis of this study or the outcome of the
patients.

Information regarding ventricular ectopy was
systematically recorded on the resting electrocardio-
gram as well as during each stage of exercise and re-
covery according to prespecified definitions. We
prospectively defined frequent ventricular ectopy as
the presence of seven or more ventricular premature
beats per minute during any given stage, ventricular
bigeminy, ventricular trigeminy, ventricular cou-
plets, ventricular triplets, sustained or nonsustained
ventricular tachycardia, ventricular flutter, torsade
de pointes, or ventricular fibrillation. If the patient
had more than one of these findings during any giv-
en stage of the exercise test, each was recorded in-
dividually. This definition of frequent ventricular ec-
topy was based on previous work by our group,
which showed that during exercise it is associated
with scintigraphically evident myocardial perfusion
defects.16

We divided frequent ventricular ectopy into less
severe and more severe categories based on the
Lown classification.1® Patients with ventricular trip-
lets, sustained or nonsustained ventricular tachycar-
dia, ventricular flutter, torsade de pointes, or ven-
tricular fibrillation were considered to have more
severe ventricular ectopy.

The primary end point was death from all causes,
which is an objective, clinically relevant, and unbi-
ased end point.20:21 The end point of death from all
causes was determined with use of the Social Secu-
rity Death Index.22-24 The high degree of specificity
of the Social Security Death Index has been docu-
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mented.23 We have shown that application of this
data base to patients in the Cleveland Clinic stress
laboratory results in a sensitivity of 97 percent.13

STATISTICAL ANALYSIS

The cohort was divided into four groups, according
to the presence or absence of frequent ventricular
ectopy during exercise or during the first three min-
utes of recovery. Differences between groups were
tested by the Kruskal-Wallis or the chi-square test.
The association of frequent ventricular ectopy with
time to death was tested by the construction of
Kaplan—Meier curves2> and by Cox proportional-
hazards modeling.2¢ The proportional-hazards
assumption was confirmed by means of a time-
dependent interaction covariate and by examination
of weighted Schoenfeld residuals.

Although multivariable regression modeling is
used to account for base-line differences, it may
lead to invalid conclusions when those base-line dif-
ferences are marked or numerous.27:28 We therefore
constructed nonparsimonious logistic-regression
models2? in which ventricular ectopy during exer-
cise or during recovery was a dependentvariable and
the variables listed in Table 1 were independent var-
iables. For the model in which ventricular ectopy
during recovery was the dependent variable, ventric-
ular ectopy during exercise was included as an ad-
ditional independent variable. Similarly, for the
model in which ventricular ectopy during exercise
was the dependentvariable, ventricular ectopy dur-
ing recovery was included as an additional inde-
pendent variable. These models made possible the
calculation of a propensity score,?? indicating the
likelihood that any individual patient would have
ventricular ectopy, given all other known variables
except outcome. Patients with and without ventric-
ular ectopy were then matched on the basis of their
propensity score.3°

All analyses were performed with SAS software
(version 8.2, SAS).

RESULTS

Among 29,244 patients, 945 (3 percent) had fre-
quent ventricular ectopy only during exercise, 589
(2 percent) had frequent ventricular ectopy only dur-
ing recovery, and 491 (2 percent) had frequent ven-
tricular ectopy during both exercise and recovery.
The clinical and exercise-related characteristics of
the patients according to the timing of frequent ven-
tricular ectopy are shown in Table 1. Patients who

had frequent ventricular ectopy during exercise or
recovery were older and more likely to have coronary
artery disease than patients who did not have fre-
quentventricular ectopy during exercise or recovery;
there were multiple other differences as well.

Specific arrhythmias noted during exercise in-
cluded frequent ventricular premature beats in 933
(3 percent), ventricular bigeminy in 386 (1 percent),
ventricular trigeminy in 150 (0.5 percent), ventric-
ular couplets in 92 (0.3 percent), ventricular triplets
in 330 (1 percent), nonsustained ventricular tachy-
cardia in 164 (0.6 percent), and sustained ventric-
ular tachycardia in 4 (0.01 percent). Specific ar-
rhythmias noted during recovery included frequent
ventricular premature beats in 742 (3 percent), ven-
tricular bigeminy in 315 (1 percent), ventricular
trigeminy in 133 (0.5 percent), ventricular couplets
in 45 (0.2 percent), ventricular triplets in 154 (0.5
percent), nonsustained ventricular tachycardia in 91
(0.3 percent), sustained ventricular tachycardia in
4 (0.01 percent), ventricular fibrillation in 2 (0.01
percent), and torsade de pointes in 1 (<0.01 per-
cent). More severe ventricular ectopy was noted in
22 percent of patients who had ventricular ectopy
only during exercise, 15 percent of those who had
ventricular ectopy only during recovery, and 12 per-
cent of those who had ventricular ectopy during
both exercise and recovery (P<0.001).

During a mean follow-up of 5.3 years, there were
1862 deaths. Among patients with frequent ven-
tricular ectopy only during exercise, there were 81
deaths; among those with frequent ectopy only dur-
ing recovery, there were 68 deaths; and among those
with frequent ectopy during both exercise and re-
covery, there were 79 deaths. Frequent ventricular
ectopy during exercise predicted a higher likelihood
of death (five-year death rate, 9 percent, vs. 5 percent
in patients without frequentventricular ectopy dur-
ing exercise; hazard ratio, 1.8; 95 percent confi-
dence interval, 1.5 to 2.1; P<0.001), and frequent
ventricular ectopy during recovery was associated
with an even higher estimated likelihood of death
(five-year death rate, 11 percent vs. 5 percent; haz-
ard ratio, 2.4; 95 percent confidence interval, 2.0 to
2.9; P<0.001). Patients with frequent ventricular ec-
topy during recovery had the lowest survival rates,
whereas those who had frequent ventricular ectopy
only during exercise had a slightly lower survival rate
than those who had no ventricular ectopy (Fig. 1).

After adjustment for the variables listed in Ta-
ble 1 and for frequent ventricular ectopy during ex-
ercise, frequent ventricular ectopy during recovery
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Table 1. Base-Line and Exercise-Related Characteristics of the Study Patients According to the Timing of Frequent Ventricular Ectopy.*

Variable

Demographic characteristics

Age —yr

Male sex — no. (%)

Clinical history — no. (%)

Diabetes, insulin-treated

Diabetes, not insulin-treated
Hypertension

Tobacco use

Known coronary artery disease

Prior coronary-artery bypass grafting
Prior percutaneous coronary intervention
Prior Q-wave myocardial infarction
Prior myocardial infarction
Medication use — no. (%)
Beta-blocker

Diltiazem or verapamil

Nifedipine

ACE inhibitor

Lipid-lowering agent

Aspirin

Body-mass index::
Resting heart rate — beats/min
Resting blood pressure — mm Hg

Systolic
Diastolic

Peak exercise capacity — MET
Men
Women

Abnormal heart-rate recovery — no. (%)

Chronotropic incompetence — no. (%)

or after stress — no. (%)
ST-segment depression of 1-2 mm
ST-segment depression of >2 mm

Physical fitness for age and sex — no. (%)
Fair
Poor

Cardiovascular assessment and exercise capacity

Ischemic electrocardiographic changes during

None
(N=27,219)

5611
18,987 (70)

851 (3

€)
2,032 (7)
10,023 (37)
4,844 (18)
8,372 (31)
3,289 (12)
2,813 (10)
2,264 (8)
4,231 (16)
4,670 (17)
3,326 (12)
8)
10)

2,069
2,718

3,503

(
(
(
(
(13)
(

8,538 (31)
2815
7514

133+20
86+11

9.5+2.5
7.3x2.1

5,915 (22)
4,674 (17)

3,137 (12)
640 (2)

5,579 (20)
1,846 (7)

Only during
Exercise
(N=945)

138+21
87+11

9.1+2.3
7.0£2.0

239 (25)
170 (18)

157 (17)
36 (4)

173 (18)
47 (5)

Only during
Recovery
(N=589)

144 (24)
84 (14)
62 (11)
78 (13)
109 (19)
(

264 (45)

137+21
86+11

8.5+£2.6
6.9+2.1

177 (30)
102 (17)

81 (14)
24 (4)

123 (21)
47 (8)

During Both Exercise
and Recovery
(N=491)

29+5
73£15

141+23
87+11

8.3+2.4
6.2+2.0

156 (32)
112 (23)

P Valuey

<0.001
<0.001

0.11
0.12
<0.001
0.06
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
0.17
<0.001
0.003
<0.001
<0.001

0.16
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
0.01

<0.001
0.002

0.22
<0.001

* Plus—minus values are means +SD. ACE denotes angiotensin-converting enzyme, and MET metabolic equivalent.
T P values are for the comparison among all four groups.
1 The body-mass index is the weight in kilograms divided by the square of the height in meters.
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1.0+

0.9

VE only
during exercise

= VE only
% during
3 recovery
v 0.8
VE during both
0.7+ L k y2=
og-rank x?=133, P<0.001
0.0 T T T 1
0 2 4 6 8
Years after Stress Test
No. at Risk
No VE 27,219 26,295 22,900 19,576 16,708 13,971 11,283 9292 6480
VE only during exercise 945 900 840 687 598 504 418 352 255
VE only during recovery 589 564 474 425 331 276 226 162 121
VE during both 491 459 403 329 265 231 190 148 122

Figure 1. Kaplan—Meier Analysis of the Association of Frequent Ventricular Ectopy (VE) Only during Exercise, Only dur-
ing Recovery from Exercise, or during Both Exercise and Recovery, with Survival.

was a predictor of an increased risk of death (adjust-
ed hazard ratio, 1.6; 95 percent confidence interval,
1.3 t0 1.9; P<0.001). Other predictors included old-
er age, male sex, insulin-treated diabetes mellitus,
smoking, impaired functional capacity, and atten-
uated heart-rate recovery (P<0.001 for all compari-
sons). Frequent ventricular ectopy during exercise
did not predict an increased risk of death in this
analysis (adjusted hazard ratio, 1.2; 95 percent con-
fidence interval, 1.0 to 1.4; P=0.09).

Propensity matching was performed to match
patients with frequent ventricular ectopy during
recovery to those who did not have frequent ven-
tricular ectopy during recovery. The C statistic of
the logistic-regression model used to generate the
propensity score was 0.80. The base-line character-
istics of the propensity-matched cohort are shown
in Table 2. The two populations were well matched.

The prognostic importance of frequent ventric-
ular ectopy during recovery in this propensity-
matched cohortis shown in Figure 2. Patients with
frequentventricular ectopy during recovery had de-
creased survival, particularly after three to four years
of follow-up. After adjustment for the propensity
score, frequent ventricular ectopy during exercise,
and the other variables listed in Table 2, frequent
ventricular ectopy during recovery predicted an in-
creased risk of death (adjusted hazard ratio, 1.5; 95
percent confidence interval, 1.1 to 1.9; P=0.003).

A similar analysis was performed regarding fre-
quent ventricular ectopy during exercise. Frequent
ventricular ectopy during exercise was not associ-
ated with decreased survival in this propensity-
matched cohort (adjusted hazard ratio, 1.1; 95 per-
cent confidence interval, 0.9 to 1.3; P=0.53).

The results of prespecified subgroup analyses are
shown in Table 3. Frequent ventricular ectopy dur-
ing recovery was predictive of an increased risk of
death in all subgroups tested. No clinically signifi-
cant interactions were noted.

More severe ventricular ectopy during recov-
ery from exercise, defined as ventricular triplets or
worse, was noted in 128 patients (0.4 percent),
whereas 952 (3 percent) had less severe ventricular
ectopy. There was a gradient of mortality, in which
death rates were lowest among patients without fre-
quentventricular ectopy (5 percent), higher among
those with less severe frequent ventricular ectopy
(12 percent), and highest among those with more
severe frequent ventricular ectopy (15 percent). In a
multivariable Cox regression model that adjusted
for the variables listed in Table 1, less severe fre-
quent ventricular ectopy during recovery was pre-
dictive of death (adjusted hazard ratio, 1.5; 95 per-
cent confidence interval, 1.3 to 1.8; P<0.001), and
more severe frequent ventricular ectopy was associ-
ated with a greater risk (adjusted hazard ratio, 2.1;
95 percent confidence interval, 1.4 to 3.3; P<0.001).
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Table 2. Base-Line and Exercise-Related Characteristics According to the Presence or Absence of Frequent Ventricular
Ectopy during Recovery in Propensity-Matched Groups.*
No Frequent Ventricular Frequent Ventricular
Ectopy during Recovery Ectopy during

Variable (N=1072) Recovery (N=1072) P Value
Demographic characteristics
Age —yr 61+11 62+11 0.54
Male sex — no. (%) 858 (80) 853 (80) 0.79
Clinical history — no. (%)
Diabetes, insulin-treated 32 (3) 39 (4) 0.40
Diabetes, not insulin-treated 101 (9) 93 (9) 0.55
Hypertension 475 (44) 503 (47) 0.22
Tobacco use 193 (18) 192 (18) 0.96
Known coronary artery disease 538 (50) 541 (50) 0.90
Prior coronary-artery bypass grafting 249 (23) 251 (23) 0.92
Prior percutaneous coronary intervention 161 (15) 178 (17) 0.31
Prior Q-wave myocardial infarction 169 (16) 164 (15) 0.77
Prior myocardial infarction 292 (27) 334 (31) 0.05
Medication use — no. (%)
Beta-blocker 269 (25) 263 (25) 0.76
Diltiazem or verapamil 150 (14) 152 (14) 0.90
Nifedipine 116 (11) 118 (11) 0.89
ACE inhibitor 140 (13) 141 (13) 0.95
Lipid-lowering agent 202 (19) 194 (18) 0.66
Aspirin 485 (45) 473 (44) 0.60
Cardiovascular assessment and exercise capacity
Body-mass index 2816 28+5 0.29
Resting heart rate — beats/min 73x14 73x14 0.72
Resting blood pressure — mm Hg

Systolic 138+21 139+22 0.91

Diastolic 86x11 87+11 0.97
Peak exercise capacity — MET

Men 8.5+2.5 8.5+2.5 0.64

Women 6.7+2.2 6.6+2.1 0.65
Abnormal heart-rate recovery — no. (%) 331 (31) 326 (30) 0.81
Chronotropic incompetence — no. (%) 214 (20) 212 (20) 0.91
Ischemic electrocardiographic changes during or

after stress

ST-segment depression of 1-2 mm — no. (%) 163 (15) 156 (15) 0.67

ST-segment depression of >2 mm — no. (%) 37 (3) 36 (3) 0.91
Physical fitness for age and sex — no. (%)

Fair 247 (23) 233 (22) 0.47

Poor 101 (9) 94 (9) 0.60
Frequent ventricular ectopy during exercise — no. (%) 482 (45) 483 (45) 0.97

* Plus—minus values are means +SD. ACE denotes angiotensin-converting enzyme, and MET metabolic equivalent.
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©
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0
O Log-rank y2=6, P=0.01
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No VE 1072 1020 898
VE 1072 1015 868

T
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Years after Stress Test
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with Survival in the Propensity-Matched Cohort.

Figure 2. Kaplan—Meier Analysis of the Association of Frequent Ventricular Ectopy (VE) during Recovery from Exercise

The cohort was derived by using propensity scores to match patients with ventricular ectopy during recovery to patients
who did not have ventricular ectopy during recovery. Of 1080 patients who had ventricular ectopy during recovery, 1072
were matched. The characteristics of the cohort are shown in Table 2.

Data on left ventricular systolic function were
available for 6421 patients. The ejection fraction
was assessed by simultaneous echocardiography
in 4007 patients (mean value, 536 percent) and by
contrast ventriculography within three months of
stress testing in 2414 patients (mean value, 53+6
percent). Impaired left ventricular systolic function,
defined as an ejection fraction of 40 percent or less,
was present in 751 of 5953 patients without fre-
quentventricular ectopy (13 percent), 39 of 212 with
frequent ventricular ectopy only during exercise (18
percent), 35 of 129 with frequent ventricular ectopy
only during recovery (27 percent), and 35 of 127
with frequent ventricular ectopy during both exer-
cise and recovery (28 percent, P<0.001).

There were 485 deaths during follow-up among
the patients for whom data on left ventricular systol-
ic function were available. Frequent ventricular ec-
topy during recovery predicted an increased risk of
death among patients with preserved leftventricular
systolic function (death rate, 11 percent, vs. 6 per-
cent among those without frequent ventricular ec-
topy during recovery; hazard ratio, 2.0; 95 percent
confidence interval, 1.3 to 3.1; P=0.001) and among
patients with depressed left ventricular systolic
function (25 percent vs. 14 percent; hazard ratio,

1.8; 95 percent confidence interval, 1.1 to 3.0; P=
0.02). No interaction was noted between frequent
ventricular ectopy during recovery and left ventric-
ular systolic function in the prediction of an in-
creased risk of death (P=0.78).

In a multivariable Cox regression model that in-
cluded the variables listed in Table 1 as well as fre-
quent ventricular ectopy during recovery, frequent
ventricular ectopy during exercise, and left ventric-
ular ejection fraction, frequent ventricular ectopy
during recovery was predictive of an increased risk
of death (adjusted hazard ratio, 1.6; 95 percent con-
fidence interval, 1.2 to 2.2; P=0.005), whereas fre-
quent ventricular ectopy during exercise was not
(adjusted hazard ratio, 1.1; 95 percent confidence
interval, 0.7 to 1.5; P=0.73). Impaired left ventricu-
lar systolic function was an independent predic-
tor of an increased risk of death (adjusted hazard
ratio, 1.4; 95 percent confidence interval, 1.1 to 1.7;
P=0.002).

Among the 4007 patients who underwent exer-
cise echocardiography, evidence of myocardial is-
chemia was present in 461 (12 percent). Frequent
ventricular ectopy during recovery was associated
with a higher rate of echocardiographic evidence of
ischemia (22 percent, vs. 11 percent in those with-
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Table 3. Association between Ventricular Ectopy during Recovery and Mortality in Prespecified Subgroups.

No Frequent Ventricular Frequent Ventricular Relative Risk P Value for
Stratifying Variable Ectopy during Recovery Ectopy during Recovery (95% Cl)* P Value Interaction

no. of deaths/no. of patients (%)

Age

<65 Yr 659/20,798 (3) 42/575 (7) 2.4 (1.8-3.3) <0.001 0.05
=65 Yr 1056/7366 (14) 105/505 (21) 1.7 (1.4-2.0) <0.001

Sex

Male 1310/19,750 (7) 127/861 (15) 25(21-3.0)  <0.001 0.38
Female 405/8414 (5) 20/219 (9) 2.0 (1.3-3.1) 0.002

History of coronary artery disease

No 765/19,405 (4) 43/531 (8) 2.2 (1.6-3.0) <0.001 0.64
Yes 950/8759 (11) 104/549 (19) 21(1.7-2.5)  <0.001
Hypertension

No 833/17,748 (5) 69/571 (12) 2.7 (21-35)  <0.001 0.07
Yes 882/10,416 (8) 78/509 (15) 2.0 (1.6-2.5) <0.001

Diabetes

No 1326/25,178 (5) 121/947 (13) 2.7 (2.2-32)  <0.001 0.03
Yes 389/2986 (13) 26/133 (20) 1.7 (1.1-2.5) 0.014

Smoking

No 1341/23,178 (6) 116/887 (13) 2.5 (2.1-3.0) <0.001 0.52
Yes 374/4986 (8) 31/193 (16) 2.2 (1.5-3.2) <0.001

Use of beta-blockers

No 1353/23,336 (6) 111/812 (14) 2.5(2.1-3.1)  <0.001 0.23
Yes 362/4828 (7) 36/268 (13) 2.0 (1.4-2.8) <0.001

Use of aspirin

No 1059/19,271 (5) 78/599 (13) 2.6 (2.0-3.2) <0.001 0.28
Yes 656/8893 (7) 69/481 (14) 22(1.7-28)  <0.001

Use of nondihydropyridine
calcium-channel blockers

No 1330/24,710 (5) 113/927 (12) 2.5(2.1-3.0)  <0.001 0.48
Yes 385/3454 (1) 34/153 (22) 22(15-3.1)  <0.001

Left bundle-branch block

No 1655/27,836 (6) 139/1055 (13) 24(2.0-29)  <0.001 0.73
Yes 60/328  (18) 8/25 (32) 2.1 (1.0-4.3) 0.05

Abnormal heart-rate recovery

No 903/22,010 (4) 67/747 (9) 23(1.8-3.0)  <0.001 0.66
Yes 812/6154 (13) 80/333 (24) 2.1(1.7-27)  <0.001
Chronotropic response

Normal 1109/23,320 (5) 103/866 (12) 2.7 (2.2-3.3)  <0.001 0.03
Impaired 606/4844 (13) 44214 (21) 1.8 (1.3-24)  <0.001

Functional capacity

Normal 858/20,519 (4) 77/747 (10) 2.7(2.1-34)  <0.001 0.10
Impaired 857/7645 (1) 70/333 (21) 2.0 (1.6-2.6)  <0.001

* Cl denotes confidence interval.
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out frequent ventricular ectopy during recovery;
P<0.001). There were only 6 deaths among the 34
patients who had both echocardiographic ische-
mia and frequent ventricular ectopy during recov-
ery, precluding further analyses.

DISCUSSION

In a large cohort of patients referred for exercise
stress testing, the occurrence of frequentventricular
ectopy during recovery was strongly predictive of an
increased risk of death from all causes over a five-
year follow-up period, whereas the occurrence of
frequentventricular ectopy only during exercise was
not. This association persisted even after propensi-
ty-based adjustment for clinical and exercise charac-
teristics known to predict an increased risk of death.

Until recently, it was thought that exercise-
induced ventricular ectopy was not independently
related to an increased risk of coronary heart dis-
ease, the extent of coronary artery disease, mortali-
ty from all causes, or the risk of major cardiac
events.+38,16:31 However, one recent report showed
thatamong over 6000 asymptomatic men ventricu-
lar ectopy during exercise was associated with a rel-
ative risk of death from cardiovascular disease of
approximately 3 when the cohort was followed for
23 years.®

The current study clarifies these previous find-
ings and extends them to a large cohort likely to be
representative of patients seen in clinical practice.
Because of the size of the study sample, we were able
to examine carefully the prognostic importance of
frequentventricular ectopy during and after exercise
in large numbers of subjects (more than 1000 pa-
tients in each group). The large cohort also made it
possible for us to perform propensity matching,?”
thus allowing a more valid comparison of patients
with and without frequent ventricular ectopy than
would have been possible by standard regression
techniques.28 Finally, our observations were consis-
tent with our a priori hypothesis that frequent ven-
tricular ectopy during recovery would be a stronger
predictor of risk than ectopy during exercise, which
had been based on the recognition of recovery as a
period of rapid vagal reactivation.11

Because the cohortwas a heterogeneous one, in-
cluding patients who underwent stress testing with
electrocardiography only, with echocardiography,
or with nuclear perfusion scintigraphy, we did not

have systematic data on left ventricular systolic func-
tion and myocardial ischemia in all patients. None-
theless, it is noteworthy that in the subgroup of
6421 patients for whom ejection-fraction data were
available, a low ejection fraction (40 percent or less)
was associated with frequent ventricular ectopy dur-
ing recovery. Furthermore, both ventricular ectopy
during recovery and a low ejection fraction were in-
dependent predictors of death. We focused on death
from all causes and could not differentiate among
deaths due to arrhythmias, those due to other cardi-
ac causes, and those due to noncardiac causes. We
and others have commented on this issue before,
pointing out that only death from all causes can be
considered a truly unbiased and objective end point
that is also clinically relevant when arrhythmia-
related outcomes are studied.20,21

How should the finding of an association be-
tween frequent ventricular ectopy during recovery
from exercise and mortality from all causes be in-
corporated into clinical practice? Because this was
a prospective, observational study, making treat-
ment recommendations on the basis of our results
is problematic. Nonetheless, it is clear that frequent
ventricular ectopy during recovery is a marker of an
increased risk of death. Accordingly, comprehensive
risk-factor assessment and aggressive management
of the risk factors identified may well be justified in
patients with this finding. In addition, the associa-
tion of asymptomatic left ventricular dysfunction
with frequent ventricular ectopy during recovery
suggests that echocardiography may be indicated,
since treatment of asymptomatic left ventricular
dysfunction is of clinical benefit.32

Frequentventricular ectopy during recovery from
exercise was found to be an important, independent
predictor of an increased risk of death in a large clin-
ical cohort. Frequent ventricular ectopy that oc-
curred only during exercise did not independently
predictan increased risk. In accordance with previ-
ous findings of a strong relation between attenuated
recovery of the heart rate after exercise and an elevat-
ed risk of death, these results support the central im-
portance of vagal mediation in cardiac function.
They also underscore the value of the exercise stress

test as a tool for prognosis and risk stratification.
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CORRECTION

Frequent Ventricular Ectopy after Exercise as a
Predictor of Death

Frequent Ventricular Ectopy after Exercise as a Predictor of Death .
On page 782, lines 8 and 9 of the third paragraph in the right-hand
column should have read “ventricular couplets occurring at least five
times per minute” rather than “ventricular couplets,” as printed; on
page 783, lines 3 and 4 under Statistical Analysis should have read
“the first five minutes of recovery” rather than “the first three minutes
of recovery,” as printed.
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