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Background: Premature ventricular contractions (PVC) at rest are frequently seen in heart failure (HF)
patients but conflicting data exist regarding their importance for cardiovascular (CV) mortality. This
study aims to evaluate the prognostic value of rest PVCs on an electrocardiogram (ECG) in patients
with a history of clinical HF.

Methods and Results: We considered 352 patients (64 ± 11 years; 7 females) with a history of
clinical HF undergoing treadmill testing for clinical reasons at the Veterans Affairs Palo Alto Health
Care System (VAPAHCS) (1987–2007). Patients with rest PVCs were defined as having ≥1 PVC on
the ECG prior to testing (n = 29; 8%). During a median follow-up period of 6.2 years, there were
178 deaths of which 76 (42.6%) were due to CV causes. At baseline, compared to patients without
rest PVCs, those with rest PVCs had a lower ejection fraction (EF) (30% vs 45%) and the prevalence
of EF ≤ 35% was higher (75% vs 41%). They were more likely to have smoked (76% vs 55%).The
all-cause and CV mortality rates were significantly higher in the rest PVCs group (72% vs 49%, P =
0.01 and 45% vs 20%, P = 0.002; respectively). After adjusting for age, beta-blocker use, rest ECG
findings, resting heart rate (HR), EF, maximal systolic blood pressure, peak HR, and exercise capacity,
rest PVC was associated with a 5.5-fold increased risk of CV mortality (P = 0.004). Considering the
presence of PVCs during exercise and/or recovery did not affect our results.

Conclusion: The presence of PVC on an ECG is a powerful predictor of CV mortality even after
adjusting for confounding factors.
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Our group has recently reported the prognostic
value of premature ventricular contractions (PVC)
noted on a routine electrocardiogram (ECG) in a
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general population of veterans1 and then expanded
these observations including a quantitative tech-
nique for assessing PVCs during exercise testing.2
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Patients with heart failure (HF) were excluded from
this latter study and so attention is now directed
to this important group using these technologies.
The subset of those with HF and exercise testing
enabled comparison of the rest PVC findings to
quantified PVCs during exercise as well as to es-
tablished risk predictors including exercise capac-
ity and ejection fraction (EF). While the initial aim
of this study was to study the prognostic impact
of exercise-induced PVCs, preliminary analyses di-
rected our attention to the prognostic value of rest
PVCs on a single resting 10-second ECG in patients
with clinical HF referred for exercise treadmill
testing.

METHODS

Study Population

We studied 374 subjects referred to the Palo
Alto Veterans Affairs Health Care System between
1997 and 2004 for clinical symptom-limited tread-
mill testing who were tested on a device, QUEST
(Burdick Corp, Deerfield, WI, USA) that enabled
continuous digital ECG recording. We included all
patients who were referred by their physician for
exercise testing following a clinical presentation of
heart failure. All patients needed to be in a stable
and compensated cardiopulmonary condition prior
to testing. We excluded patients with incomplete
data (n = 22), leaving 352 subjects for analysis.
Data on coronary risk factors, symptoms, medica-
tions, and prior cardiac events were gathered prior
to exercise testing. The EF was assessed by echocar-
diography in standard fashions within 12 months of
exercise testing. All subjects gave written informed
consent and the study was approved by the Stan-
ford University Institutional Review Board.

Exercise Testing

Subjects underwent symptom-limited treadmill
testing using an individualized ramp treadmill pro-
tocol and exercised to maximum exertion.3 All tests
began at a uniform speed of 2 miles/h and 0% grade.
A pretest questionnaire was used to predict a target
maximal MET level that would be reached within
10 minutes.4 Heart rate targets were not used as an
endpoint or to judge the adequacy of the test. Blood
pressure (BP) was taken manually every 2 min-
utes and exercise capacity (in metabolic equiva-
lents, METs) was calculated from treadmill speed
and grade.5 Subjects were encouraged to assume a

supine position after exercise without a cool-down
walk.6 No medications were changed or stopped
prior to testing and the senior authors (VF, JM)
overread all exercise studies.

Electrocardiography

Twelve-lead ECG data were recorded continu-
ously during the exercise test. Resting PVCs were
considered to be present if any PVC was detected
in the 10-second ECG prior to exercise. PVCs were
defined as at least one QRS complex that was pre-
mature, ectopic-shaped and had a QRS duration
≥120 ms. All ECGs classified as having PVCs were
manually overread by two cardiologists. The Q-
wave score represents anatomically based regions
of the ECG and is used to evaluate myocardial dam-
age. It is obtained by adding the number of my-
ocardial territory (anterior, lateral, inferior) with
pathological Q waves and has been shown to have
significant predictive value for CV mortality.1 Vi-
sual ST-segment depression was measured at the J
junction and ST slope was measured over the fol-
lowing 60 ms. Heart rate (HR) was recorded from
the ECG standing at rest, at each 60-second inter-
val during the test and at peak exercise. Resting
HR was recorded in the standing position. Arrhyth-
mias during exercise testing were classified as pre-
viously defined.2

Follow-Up

We only considered cardiovascular (CV) mortal-
ity outcomes. Mortality data were gathered from
the Social Security Death index and California
Death registry. Cause of death was determined
from the registry classification and confirmed us-
ing the VA medical record. CV mortality was de-
fined as death of subjects from a clearly identifi-
able CV cause or death of subjects with a history
of CV disease and no identifiable non-CV cause for
death. Classification was made by consensus of two
observers blinded to the exercise test results with
conflicts resolved by the senior author (VFF). The
median follow-up time for the total study group
was 6.2 years (range 5.5–6.7 years).

Statistical Analysis

Clinical and exercise variables according to the
presence of PVCs during rest and according to out-
comes were compared using chi-square tests (cate-
gorical variables) and unpaired t-tests (continuous
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variables). Nonnormally distributed variables were
compared using the Mann-Whitney U test.

Age-adjusted Cox regression analysis was used to
assess the independent prognostic value of clinical
variables and exercise variables. Multivariate Cox
proportional hazards analyses were calculated to
evaluate the combined ability of various rest and
exercise variables to predict CV mortality.

Kaplan-Meier analysis was used to evaluate the
relationship between rest PVCs and CV mortality.

Statistical analyses were performed using NCSS
(NCSS Inc., Salt Lake City, UT, USA). A two-sided
P value less than 0.05 was considered statistically
significant.

RESULTS

Baseline Characteristics

The study cohort consisted of 352 patients (mean
age ± SD: 64 ± 11 years) of whom 2% were
females. There were 178 (50.6%) deaths during
follow-up and 76 (42.7%) of these deaths were due
to CV causes.

Baseline characteristics and test variables accord-
ing to the presence of rest PVCs are presented in
Table 1. Twenty-nine subjects (8.2%) presented ≥1
PVC on the rest ECG prior to treadmill testing. At
baseline, compared to patients without rest PVCs,
those with rest PVCs had a lower EF [30 (25–50%)
vs 45 (40–45%); P = 0.04] and the prevalence of
EF ≤ 35% was higher (75.0% vs 41.1%; P = 0.02).
They were more likely to have smoked at some
point in their lives (75.9% vs 54.8%; P = 0.03)
and to be receiving digoxin treatment (51.7% vs
31.0%; P = 0.02), but were less likely to be us-
ing beta-blockers (10.3% vs 29.4%; P = 0.03). The
all-cause and CV mortality rates are significantly
higher in the rest PVCs group than in those with-
out rest PVCs (72.4% vs 48.6%, P = 0.01 and 44.8%
vs 19.7%, P = 0.002; respectively).

Exercise variables according to the presence of
rest PVCs are presented in Table 2. Subjects with
rest PVCs had higher standing rest HR (84 ± 15 vs
78 ± 17 beats/min; P = 0.04) and at peak exercise,
they demonstrated a lower exercise capacity [5.0
(3.2–5.3) vs 5.1 (5.0–5.8) METs; P = 0.05].

Outcomes According to the Occurrence
of Rest and Exercise PVCs

Results of Kaplan-Meier survival analysis for CV
mortality outcomes according to the presence of

rest PVCs are presented in Figure 1. Results of mul-
tivariate Cox regression analysis for CV mortality
outcomes are presented in Table 3. Rest EF, the Q-
Wave Score, the presence of rest PVCs, and the ab-
sence of rest and exercise PVCs were all significant
age-adjusted predictors of CV mortality (not shown
in tables). After adjusting for age, beta-blocker use,
rest ECG findings, resting and peak HR, rest EF,
maximal systolic BP, and exercise capacity, the
presence of rest PVC was associated with a 5.48-
fold increased risk of CV mortality (Table 3; P =
0.004). Considering the presence of PVCs during
exercise testing in the model significantly increased
the risk of CV mortality associated with rest PVCs
(table 4). After adjusting for age, beta-blocker use,
rest ECG findings, resting and peak HR, rest
EF ≤ 35%, maximal systolic BP, and exercise capac-
ity, only a rest EF ≤ 35% (HzR = 4.63; P = 0.0001)
and the presence of rest PVCs (HzR = 2.09; P =
0.03) were predictive of CV mortality (not shown in
table).

In the group without rest PVCs, the presence of
exercise and/or recovery PVCs did not increase the
CV mortality risk. The absence of exercise and/or
recovery PVCs in this group was not associated
with a significantly decrease risk of CV mortality
in multivariate analyses (not shown in table, HzR =
0.57; P = 0.24).

DISCUSSION

PVCs at rest are common findings in patients
with and without structural heart diseases. Since
sudden cardiac death in patients with myocardial
infarct (MI) was thought to be due to ventricular
fibrillation, it has been hypothesized that the de-
tection of PVCs and its subsequent drug suppres-
sion can prevent these fatal events.7 However, due
to disappointing CAST studies results in the late
1980s,8 and the lack of evidence supporting the
benefit of their suppression with antiarrhythmic
medications,9 PVCs are now generally ignored on
the routine ECG.

Still, conflicting data exist regarding their prog-
nostic importance for the prediction of CV mor-
tality in various cardiac populations.9–13 The most
studied group was patients with a recent MI. The
presence of PVC in this group has been related
to ischemia,14 degree of LV involvement,15,16 and
degree of coronary artery stenosis.17 Marked het-
erogeneity of myocardial electrophysiological prop-
erties due to stretching and scarring, increased
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Table 1. Baseline Characteristics According to the Presence of Rest PVCs

Entire Population No Rest PVCs Rest PVCs
Characteristics n = 352 n = 323 (91.8) n = 29 (8.2) p Value

Age (years) 64 ± 10 64 ± 11 66 ± 8 0.18
BMI (kg/m2) 27.8 (26.6–28.3) 28.0 (26.6–28.5) 25.9 (24–29.7) 0.18
Females – no. (%) 7 (2.0) 7 (2.2) 0 0.42
Diabetes – no. (%) 77 (21.9) 68 (21.1) 9 (31.0) 0.21
Claudication – no. (%) 45 (12.8) 42 (13.0) 3 (10.3) 0.68
Hypertension – no. (%) 240 (68.2) 216 (66.9) 24 (82.8) 0.08
CAD – no. (%) 248 (70.5) 224 (69.3) 24 (82.8) 0.13
Stroke – no. (%) 31 (8.8) 29 (9.0) 2 (6.9) 0.7
Smoking

Ever – no. (%) 199 (56.5) 177 (54.8) 22 (75.9) 0.03
Currently – no. (%) 72 (20.5) 68 (21.1) 4 (13.8) 0.35

Angina Pectoris
Typical – no. (%) 79 (22.4) 71 (22.0) 8 (27.6) 0.49
Atypical – no. (%) 70 (20.0) 64 (19.8) 6 (20.7) 0.91

COPD – no. (%) 38 (10.8) 33 (10.2) 5 (17.2) 0.24
Beta-blocker – no. (%) 98 (27.8) 95 (29.4) 3 (10.3) 0.03
ACEI/ARB – no. (%) 130 (36.9) 119 (36.8) 11 (37.9) 0.91
Diuretic – no. (%) 43 (12.2) 41 (12.7) 2 (6.9) 0.36
Nitrate – no. (%) 123 (34.9) 109 (33.7) 14 (48.3) 0.12
Digoxin – no. (%) 115 (32.7) 100 (31.0) 15 (51.7) 0.02
Statin – no. (%) 40 (11.4) 38 (11.8) 2 (6.9) 0.43
Anticoagulant – no. (%)∗ 128 (36.4) 122 (37.8) 6 (20.7) 0.07
Calcium- Channel B – no. (%) 101 (28.7) 95 (29.4) 6 (20.7) 0.32
LVEF (%) 40 (35–45) 45 (40–45) 30 (25–50) 0.04
LV EF >50% – no. (%) 69 (19.6) 66 (20.4) 3 (10.3) 0.25
LVEF <35% – no. (%) 74 (20.7) 65 (20.1) 9 (31.0) 0.02
Q score† 0.31

0 259 (73.6) 241 (74.6) 18 (62.1)
1 70 (20) 61 (18.9) 9 (31.0)
2 16 (4.6) 14 (4.3) 2 (6.9)
3 7 (2) 7 (2.2) 0 (0)

Deaths
– All-cause – no. (%) 178 (50.6) 157 (48.6) 21 (72.4) 0.01
– CV deaths – no. (%) 76 (21.8) 63 (19.7) 13 (44.8) 0.002

Results are presented as number (%), mean (±SD) or median (95%CI). t-test or chi-square tests between groups for continuous
and categorical variables, respectively. Mann-Whitney test used for nonnormally distributed variables. PVC = premature
ventricular contraction; BMI = body mass index; CAD = coronary artery disease; COPD = chronic obstructive pulmonary
disease; ACEI = angiotensin-conversion ezyme inhibitor; ARB = angiotensin-receptor blocker; LVEF = left ventricular ejection
fraction; CV = cardiovascular. ∗included asa, coumadin, plavix. †number of myocardial territories with pathological Q waves on a
12-lead rest ECG.

activity of the sympathetic system, and electrolyte
abnormalities are among the numerous mecha-
nisms implicated in the genesis of ventricular ar-
rhythmia.18,19 Since these abnormalities are par-
ticularly common in HF, it could be hypothesized
that PVCs could help identify patients at higher CV
mortality risk.

Rest PVCs were observed in 8% of our HF clin-
ical cohort, which is comparable with the rates
of 2–7% in previous studies.9,20–22 In an unpub-
lished study conducted at our institution on routine
preparticipation ECG study and college athletes,

4% had rest PVCs on 12-lead ECG. Compared to
the general population, the prevalence of rest PVCs
is therefore higher in HF patients.

In this study, the identification of ≥1 PVC on a
routine 10-second ECG was independently associ-
ated with a 5.48-fold increased risk of CV mortal-
ity. Maggioni et al.,23 in the GISSI-2 study, had re-
ported that a PVC frequency using 24-hour record-
ings of ≥10/hour independently predicted total and
all-cause mortality in patients after a MI in the fib-
rinolytic era and in patients with HF. It is plausible
that the presence of PVCs on a single routine rest
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Table 2. Exercise Test Variables According to the Presence of Rest and Exercise PVCs

No Rest Rest No Exercise Exercise
Entire PVCs PVCs PVCs PVCs

Population n = 323 n = 29 n = 318 N = 34
Variables n = 352 (91.8) (8.2) p Value (90.3) (9.7) p Value

Standing resting HR
(beats/min)

78 ± 16 78 ± 17 84 ± 15 0.04 78± 17 79 ± 15 0.75

Peak HR (beats/min) 128 ± 26 128 ± 26 128 ± 28 0.91 127 ± 26 129 ± 26 0.68
Heart rate reserve

(beats/min)
49 ± 22 49 ± 22 44 ± 21 0.18 49 ±22 50 ± 23 0.78

Resting SBP (mm Hg) 130 ± 21 130 ± 21 131 ± 22 0.73 129 ± 21 135 ± 18 0.13
Peak SBP (mm Hg) 162 ± 33 162 ± 33 162 ± 31 0.96 162 ± 33 163 ± 28 0.81
Angina

Stopped the test –
no. (%)

40 (11.4) 39 (12.1) 1 (3.4) 0.16 36 (11.3) 4 (11.8) 0.94

ST depression
Stopped the test –
no. (%)

19 (5.4) 19 (5.9) 0 0.18 16 (5.0) 3 (8.8) 0.35

Borg’s Exertion Score 17 (17–18) 17 (!7–18) 17 (15–19) 0.68 17 (17–18) 17 (15–18) 0.23
Exercise capacity

(METs)
5.0 (5.0–5.4) 5.1 (5.0–5.8) 5.0 (3.2–5.3) 0.05 5 (5–5.7) 4.8 (3.6–5.4) 0.12

Results are presented as number (%), mean (±SD) or median (95%CI). t -test or chi-square tests used between groups for
continuous and categorical variables, respectively. Mann-Whitney test used for nonnormally distributed variables. PVC =
premature ventricular contraction; HR = heart rate; SBP = systolic blood pressure.

ECG, a less time-consuming test than a 24-hour
Holter, likely reflects the high density of PVCs in
those patients. The surprising finding in our HF
patients was that resting PVCs on the pretest ECG
were associated with a stronger prognostic value
than any exercise-associated PVC pattern contrary
to our results in non-HF patients.2 In this study,
when rest PVCs were present, neither induced ven-
tricular ectopy during exercise nor in the recovery

Figure 1. Kaplan-Meier analysis of the associations be-
tween rest premature ventricular contractions and car-
diovascular mortality.

period was significantly associated with an adverse
prognosis. This lack of association with outcomes
demonstrated that exercise-induced PVCs were of
limited prognostic significance in our HF clinical
population and the strong prognostic value of rest
PVCs. O’Neill et al.,24 in a study of 2123 consecu-
tive patients with LVEF ≤ 35%, demonstrated se-
vere ventricular ectopy during recovery after exer-
cise to be the only variable predictive of increased
all-cause mortality in patients with severe HF. In

Table 3. Multivariate COX Regression Analysis for CV
Mortality∗

Test Hazard
Variables Ratio p Value

Rest EF 0.94 0.006
Rest PVCs 5.48 0.004
Age 1.01 0.73
Standing resting HR (beats/min) 1 0.99
Peak HR (beats/min) 1 0.98
Peak SBP (mm Hg) 0.99 0.08
Exercise capacity (METs) 0.15 0.72
Q score 0.9 0.8
Beta-blocker Use 0.58 0.37

∗From Cox regression analysis. EF = ejection fraction; HR =
heart rate; SBP = systolic blood pressure; PVC = premature
ventricular contraction.
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Table 4. Multivariate COX Regression Analysis for CV
Mortality∗

Test Hazard
Variables Ratio p Value

Rest EF 0.94 0.004
Rest PVCs 8.98 0.003
Presence of exercise/recovery PVCs 0.78 0.3
Age 1.01 0.71
Standing resting HR (beats/min) 1 0.89
Peak HR (beats/min) 1 0.86
Peak SBP (mm Hg) 0.99 0.16
Exercise capacity (METs) 0.15 0.71
Q score 0.86 0.7
Beta-blocker Use 0.55 0.34

∗From Cox regression analysis. EF = ejection fraction; HR =
heart rate; SBP = systolic blood pressure; PVC = premature
ventricular contraction.

the study, the presence of severe ventricular ec-
topy at rest was correlated with severe ventricular
ectopy during recovery. Our data did not allow us
to analyze further outcomes according to the fre-
quency and/or occurrence of PVCs during recov-
ery period. It is possible that categorizing further
the occurrence of exercise-related PVCs could have
affected our results.

The group with rest PVCs had a lower EF. Pre-
vious studies have evaluated the relation between
LV function and ventricular dysrhythmia using 24-
hour Holter monitoring tests15,25,26 PVCs have been
shown to correlate with extent of wall motion ab-
normality, ejection fraction, category of disease and
age.26 The results obtained in this study are there-
fore concordant with previous findings.

Increased activity of sympathetic system,27,28

transient electrolyte abnormalities, and marked
heterogeneity of electrophysiological properties
due to segmental myocardial wall abnormalities,
have been implicated in the genesis of PVCs.18,19,29

In our study, the group with rest PVCs had higher
rest HR. Increased sympathetic activity has been
implicated in the development of ventricular ec-
topy at rest and during exercise.27,28 Moreover,
ventricular arrhythmia can be due to reentry, trig-
gered activity, and enhanced automaticity, all of
which are markedly potentiated by the action of
catecholamines.30 Recently, work from our group
has demonstrated the independent association of
HR with rest PVCs.22 Also, the combination of
PVCs on a resting ECG and increased HR was
shown to be associated with a dramatic increase
of all-cause and CV mortality, suggesting a hyper-

adrenergic influence in patients with rest PVCs.
Thus, in this study with the HF population, the
higher rest HR observed in the group with rest
PVCs may also result from the increased sympa-
thetic activity, which can contribute to the adverse
prognosis of these patients.

Our study has several limitations. The first is
that the data set was collected using specialized
equipment that made it possible to quantify PVCs
using Holter-like software. This makes our study
sample a convenience sample rather than a consec-
utive series of patients. Our study population com-
prised almost entirely older males, and therefore
may not be generalizable to other age groups or to
women. The small sample size must also be con-
sidered a limitation. It remains possible that this
study was not adequately powered to detect asso-
ciations of lesser magnitude in our clinical popu-
lation. Also, the predictive value of rest PVCs in
patients with EF ≥35% could not be assessed in
this study because it was underpowered for this
analysis.

Finally, the ECGs were obtained over the span
of more than two decades during which time there
were significant changes in practice patterns and
drugs usage. Only 28% of the subjects were pre-
scribed a beta-blocking agent on the test date, re-
flecting the era of the data. However, rest PVCs
remained a powerful predictor of CV mortality af-
ter adjusting for drugs use.

Despite the advances in therapy, HF carries a
high annual mortality and management of HF pa-
tients continues to present a challenge. Therefore,
identifying patients at high risk of CV death is cru-
cial to appropriately select patients for advanced
therapies. Various clinical predictors such as gen-
der, NYHA functional class, EF, and resting labora-
tory measures, such as natremia, blood urea nitro-
gen, and BNP have been integrated into HF scores
to help clinicians identify patients at higher mor-
tality risk.31 This study demonstrates that the pres-
ence of any PVC on a routine 10-second ECG, a less
time-consuming test than a 24-hour Holter, in pa-
tients with moderate HF is a powerful predictor of
CV mortality even after adjusting for confounding
factors such as age, exercise capacity, and EF. This
finding should be considered as hypothesis gener-
ating and be validated in prospective studies before
it is applied clinically.
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