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Abstract

Aim: The aim was to test the hypothesis that mean frequency of premature ventricular complexes (PVCs) correlates with vul-
nerability to malignant arrhythmias such as ventricular tachycardia and/or ventricular fibrillation (VT/VF).

Methods: Patients with an implantable cardioverter defibrillator (ICD) device for underlying ischemic or non-ischemic car-
diac pathology were selected from a database. Availability of total count of single (s) PVCs and runs (r) of PVCs was the only
inclusion criterion. Forty-four subjects (6 females and 38 males) aged 18 – 74 years (mean 57.1 years), were eligible. All had a
European Pacemaker Identification Card (EPIC) documenting left ventricular ejection fraction (LVEF). The frequency of recorded
episodes of VT and VF was obtained from ICD memory.

Results: Among patients with ischemic heart disease (IHD) and those with IHD and an LVEF of less than 30%, the mean
frequency of PVCs was significantly higher in those with subsequent episodes of VT/VF compared to those without subsequent
episodes (p < 0.05 for sPVCs and rPVCs in both groups).

Conclusion: Among patients with IHD, mean frequency of PVCs is a useful marker of vulnerability to potentially fatal
arrhythmias and may be a useful tool for the risk stratification of patients.
Key Words:  Premature ventricular complexes, ventricular tachycardia, ventricular fibrillation, implantable cardioverter defibrillator.

Introduction

RE-ENTRY IN DAMAGED VENTRICULAR MUSCLE, au-
tomaticity in the His-Purkinje fibers, and triggered
activity due to afterdepolarizations have been found
to be the main mechanisms responsible for ventricu-
lar arrhythmias (1 – 3). Clinical and epidemiological
associations between premature ventricular com-
plexes (PVCs) and potentially fatal ventricular ar-
rhythmias have been recognized for several years;
much of the initial research was done by Lown and
his colleagues in the 1970s (4 – 8). In the setting of
the coronary care unit, he observed that PVCs invari-
ably precede ventricular fibrillation (VF) and that
suppression of PVCs reduces the incidence of VF (7).
It is also known that almost 90% of patients with is-
chemic heart disease (IHD) exhibit ectopic activity.
The mere presence of ectopic activity cannot, there-
fore, be a prognostic marker of risk (4, 9, 10). Using
Holter monitoring, Lown proposed a grading system

for PVCs based on frequency, persistence, multifor-
mity, repetitive pattern and degree of prematurity (5,
10). Only complex PVCs (R-on-T, runs of two or
more, multiform or bigeminal) were found to impart
an increased risk of sudden cardiac death (10, 11).

The development of third-generation implantable
cardioverter defibrillator (ICD) technology, with en-
hanced storage capacity, has led to important ad-
vances in the understanding and treatment of poten-
tially fatal arrhythmias. Studies of stored intracardiac
electrograms (EGMs) from ICD devices have exam-
ined heart rate variability (HRV) and PVCs as pre-
dictors of arrhythmic events (1, 2, 12 – 14). The main
purpose of our study was to examine the possibility
of a relationship between mean frequency of PVCs
and a predisposition to malignant ventricular arrhyth-
mias in a group of patients who had received ICD de-
vices for underlying structural, ischemic or electro-
physiological cardiac pathology.

Methods

Forty-four subjects, selected from a database of
104 ICD patients, were included in this study. Of
these, 6 were females aged 18 – 61 years (mean 47.9
years) and 38 were males aged 25 – 74 years (mean
58.9 years). Availability of total count of single PVCs
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(sPVC) and runs of PVCs (rPVC) was the only inclu-
sion criterion. All subjects who satisfied the criterion
had ICD devices of the GEM series (Medtronic Inc,
Minneapolis, MN). This was actually coincidental,
since the patients’ choice of device had been inde-
pendent of underlying pathology. The time interval
over which PVC counts were registered in each pa-
tient varied between 21 and 1,073 days (mean 421
days). All patients in our series had European Pace-
maker Identification Cards (EPIC) (IAPM/EURID,
1999).

Notes for each of the 44 subjects were reviewed.
The total number of episodes of VT or VF and counts
of PVCs over a defined period of time following im-
plantation were obtained from records of the last in-
terrogation of the ICD device. Left ventricular ejec-
tion fraction (LVEF), underlying pathology, main
symptom, previous anti-arrhythmic treatment and de-
vice model were obtained from the EPIC. A correc-
tion to the total number of recorded episodes of VT
and/or VF (VT/VF) was applied by subtracting the
number of induced episodes of VT or VF during im-
plantation. Mean frequency of PVCs was calculated
for each patient and recorded in cycles per hour
(cyc/hr).

Statistical analysis of data was performed using
Minitab software (Minitab Inc, State College, PA).
The Mann-Whitney test was used for non-parametric
data and the χ2 test was used for categorical data. A
value of p<0.05 was deemed significant.

Results

The table shows characteristics of the study pop-
ulation. Subjects with ischemic heart disease com-
prised the single largest group in terms of underlying
pathology (at least 43% of the total) and at least 39%
of the subjects had an LVEF of less than 30%. Car-
diac arrest and syncope were the main modes of pre-
sentation in 82% of our study population. Twenty-
two patients (50%) had received anti-arrhythmic
medication, mainly amiodarone, before being consid-
ered for an ICD. Twenty-one subjects (48%) had had

at least one episode of VT/VF, 6 (13.5%) had had at
least one episode of VT only and 3 (6.8%) had had at
least one episode of VF only. The frequency of
sPVCs in the overall population ranged from

Glossary

CAST = Cardiac Arrhythmia Suppression Trial
EGM = electrogram
EPIC = European Pacemaker Identification Card
EPS = electrophysiological studies
EURID = European Registry for Implantable Defibrillators
HRV = heart rate variability
IAPM = International Association of Prosthesis Manufacturers
ICD = implantable cardioverter defibrillator
IHD = ischemic heart disease
LVEF = left ventricular ejection fraction

MADIT = Multicenter Automatic Defibrillator Implantation
Trial

MUSTT = Multicenter Unsustained Tachycardia Trial
PVC = premature ventricular complex
rPVC = runs of PVCs
sPVC = single PVC
VF = ventricular fibrillation
VT = ventricular tachycardia
VT/VF = VT and/or VF

TABLE
Characteristics of the Study Population and Its Subgroups

Characteristic No of subjects (%)
Overall IHD IHD & 

LVEF < 30%

Underlying pathology
Ischemic heart disease 19 (43.2) - -
Cardiomyopathy 4 (9.1) - -
Other (valvular heart  

disease, long QT
syndrome) 2 (4.5) - -

Unknown 19 (43.2) - -

Left ventricular ejection fraction (%)
< 30 17 (38.6) 11 (57.9) -
30 – 50 13 (29.5) 5 (26.3) -
> 50 8 (18.2) 1 (5.3) -
Unknown 6 (13.6) 2 (10.5) -

Main Symptom
Syncope 15 (34.1) 4 (21.1) 3 (27.3)
Dizzy spells 2 (4.5) 0 (0.0) 0 (0.0)
Cardiac arrest 21 (47.7) 13 (68.4) 7 (63.6)
Palpitation 3 (6.8) 2 (10.5) 1 (9.1)
Other 3 (6.8) 0 (0.0) 0 (0.0)

Episodes
At least one episode of 

VT and/or VF 21 (47.7) 9 (47.4) 6 (54.5)
At least one episode of 

VT only 6 (13.5) 0 (0.0) 0 (0.0)
At least one episode of

VF only 3 (6.8) 2 (10.5) 2 (18.2)

Medication
Amiodarone only 12 (27.3) 6 (31.6) 3 (27.3)
Amiodarone + other 

antiarrhythmic 5 (11.4) 4 (21.1) 2 (18.2)
Other anti-arrhythmic 5 (11.4) 1 (5.3) 1 (9.1)
None 10 (22.7) 3 (15.8) 2 (18.2)

IHD = ischemic heart disease, VT = ventricular tachycardia, VF
= ventricular fibrillation.
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0.1 – 791 cyc/hr (mean 103 cyc/hr), while the fre-
quency of rPVCs ranged from 0 – 1,473 cyc/hr (mean
45.7 cyc/hr). The frequency of sPVCs was greater
than that of rPVCs in all but 2 patients. As shown in
Fig. 1, there was no statistically significant difference
between the frequency of sPVCs in patients with
VT/VF subsequent to implant compared to the fre-
quency in patients with no VT/VF (p=0.078). A sim-
ilar result was obtained for the frequency of rPVCs,
where the Mann-Whitney test revealed p=0.15 (Fig.
2). There was no significant association between de-
gree of impairment of left ventricular function and
mean frequency of sPVCs and rPVCs (p=0.747 and
p=0.463, respectively). Chi-squared test showed no
significant association between LVEF, dichotomized
at 30%, and presence or absence of VT/VF.

In the population subgroup having IHD as the un-
derlying pathology, 18 subjects were male and 1 was fe-
male. The age range was 44 – 74 years (mean 62 years)
and 11 subjects (57.9%) had an LVEF of less than 30 %.
Cardiac arrest and syncope were the main modes of pre-
sentation in nearly 90% of the patients (Table). The fre-
quency of sPVCs in this subgroup ranged from
0.1 – 398 cyc/hr, while that of rPVCs ranged from
0.0041 – 237 cyc/hr. In contrast to the overall popula-
tion, the frequency of sPVCs (Fig. 3) in the IHD sub-
group was significantly lower in those with no VT/VF
compared to those with VT/VF (p=0.0305). The fre-
quency of rPVCs in the IHD subgroup, although having
a lower predictive value (p=0.0373) compared to
sPVCs, was also significantly lower in those with no
VT/VF compared to those with VT/VF (Fig. 4). There
was no significant association between degree of left
ventricular impairment and mean frequency of sPVCs
or rPVCs (p=0.514 and p=0.802, respectively).

Among the 11 patients with an LVEF of less than
30% and IHD as underlying pathology, the frequency
of sPVCs ranged from 0.37 – 281 cyc/hr and that of
rPVCs ranged from 0.0041 – 13 cyc/hr. Six patients
had at least one episode of VT/VF (Table). The fre-
quency of sPVCs and that of rPVCs within this subset
were significantly lower in patients with no VT/VF
compared to those with documented VT/VF (p=0.0225
in both cases). Fig. 5 summarizes the main findings.

Discussion

The progression of ventricular tachycardia (VT) to
ventricular fibrillation (VF) and then to asystole is the
most common sequence of events involved in fatal ar-
rhythmias (15). While conventional risk factors such as

Fig. 1. Boxplots showing distribution of frequency of sPVCs
in overall population.
sPVC = single premature ventricular complex, VT/VF = ven-
tricular tachycardia and/or ventricular fibrillation.

Fig. 2. Boxplots showing distribution of frequency of rPVCs
in overall population.
rPVC = run of premature ventricular complex, VT/VF = ven-
tricular tachycardia and/or ventricular fibrillation.

Fig. 3. Boxplots showing distribution of frequency of sPVCs
in patients with IHD.
sPVC = single premature ventricular complex, VT/VF = ven-
tricular tachycardia and/or ventricular fibrillation.
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diabetes, smoking, hypertension and hyperlipidemia
are invaluable in identifying high-risk subgroups, they
have little predictive value in terms of the risk of a fatal
arrhythmic event (16). Markers such as non-sustained
VT, late potentials on signal-averaged ECG, T wave al-
ternans, heart rate variability, baroreflex sensitivity,
width of the QRS complex and QT dispersion have
also been studied as indicators of an increased risk of
death from arrhythmias and have been shown to have
variable predictive power (15, 17 – 27).

A low left ventricular ejection fraction, caused by
poor myocardial contraction, continuing ischemia or
left ventricular dilatation, is a powerful predictor of
the risk of death (15, 16, 28 – 31). However, the clin-
ical use of LVEF as a specific marker of the risk of
death due to arrhythmias has limitations. As LVEF
decreases, both total mortality and the absolute num-
ber of sudden deaths increase, but the proportion of
total deaths due to cardiac arrhythmias decreases (15,
32 – 34). Most randomized trials comparing antiar-

rhythmics to ICD therapy have included the measure-
ment of LVEF in combination with other predictors
for arrhythmia (35 – 37). In the Multicenter Auto-
matic Defibrillator Implantation Trial (MADIT) and
the Multicenter Unsustained Tachycardia Trial
(MUSTT), patients underwent invasive electrophysi-
ological studies (EPS) to determine inducibility of
sustained tachyarrhythmias by programmed electrical
stimulation (35, 37). In contrast, MADIT II and the
Sudden Cardiac Death in Heart Failure Trial (SCD-
HeFT) enrolled patients who had severely compro-
mised LVEF (<36% and <30%, respectively) and no
prior electrophysiological testing (38, 39). Both trials
showed a significant reduction in mortality associ-
ated with the use of ICD therapy for primary preven-
tion (38, 39).

Initially, it was thought that ambient forms of
PVCs play a causal role in the genesis of malignant
arrhythmias, and that the time and mode of the fatal
event was fortuitous (31, 40, 41). This concept was
fundamental to the early electrogenic theory for VF
(41). However, with the development of a base of ex-
perimental information, the importance of structural
and functional elements as major contributors to the
pathophysiological evolution of fatal arrhythmias has
been increasingly accepted. In the modified electro-
genic theory, the interaction between structure and
function is thought to convert pathophysiologically
innocuous PVCs into triggering events for malignant
arrhythmias (31, 41). Thus, the predictive value of
PVCs in terms of risk of malignant arrhythmias de-
pends on several conditioning factors, such as my-
ocardial infarction, ventricular hypertrophy and car-
diomyopathy (15, 41).

In our study population, which consisted of pa-
tients from several subgroups of structural and func-
tional classification, there was no statistically signif-
icant difference between mean frequency of PVCs in
patients with no VT/VF and those with VT/VF. How-
ever, in the IHD subgroup, where structural pathol-
ogy was controlled, the difference between mean fre-
quency of PVCs in those with VT/VF compared to
those without VT/VF was statistically significant.
This predictive power of mean frequency of PVCs
was stronger for patients with IHD and an LVEF of
less than 30%. We infer from these observations that
the value of mean frequency of PVCs as a marker of
risk of malignant arrhythmias is dependent on under-
lying structural factors. This is consistent with the
modified electrogenic theory (41).

Several studies have assessed the significance of
PVCs among patients with previous myocardial infarc-
tion and left ventricular failure. While some trials
have suggested that higher frequencies of PVCs are
associated with increased risk of sudden death (21,
30, 42 – 44), others have suggested that they are of

Fig. 4. Boxplots showing distribution of frequency of rPVCs in
patients with IHD.
rPVC = run of premature ventricular complex, VT/VF = ven-
tricular tachycardia and/or ventricular fibrillation.

Fig. 5. Summary of predictive values of sPVCs and rPVCs as
shown by the Mann-Whitney Test.
sPVC = single premature ventricular complex, rPVC = run of
premature ventricular complex, VT/VF = ventricular tachycar-
dia and/or ventricular fibrillation, IHD = ischemic heart dis-
ease, LVEF = left ventricular ejection fraction.
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little independent prognostic significance (17). As-
sessing the relationship between mean frequency of
PVCs and mortality was beyond the scope and
methodology of this study. However, our findings
suggest that the mean frequency of PVCs may be a
useful measure for the risk stratification of ICD pa-
tients known to have either IHD only or IHD and an
LVEF of less than 30%. As shown in Fig. 5, patients
with no documented episodes of VT/VF in the “IHD
only” and “IHD and LVEF < 30%” subgroups have
significantly lower mean frequencies of sPVCs and
rPVCs. Therefore, identifying low-risk patients from
this subgroup, based on a mean frequency of PVCs
less than the median, is likely to have a very high
specificity with potential implications for therapy-
oriented decision making. Moreover, as suggested by
a recent study showing a statistically significant in-
crease in the frequency of atrial ectopics over the
hour preceding atrial fibrillation, we postulate that
changes in the frequency of PVCs may be useful in-
dicators of transient destabilization capable of pro-
gressing to malignant arrhythmias (45).

Since the involvement of PVCs in the genesis of
malignant arrhythmias is supported by experimental
evidence, it was hypothesized that their suppression
could result in improved survival. However, large-
scale studies like the Cardiac Arrhythmia Suppres-
sion Trial (CAST) have disproved this (46, 47). In the
CAST study, although suppression of ventricular ar-
rhythmias was achieved with flecainide, encainide
and moricizine, there was no improvement in long-
term survival (46). It was postulated that induction of
early afterdepolarizations could have increased trig-
gered activity. This paradoxical observation has
prompted many to also consider PVCs as a marker of
the degree of cardiac impairment (2, 33). In our
study, no direct, significant association was found be-
tween mean frequency of PVCs and degree of left
ventricular impairment in the overall population or in
the IHD subgroup. Furthermore, our data did not
show LVEF, dichotomized at 30%, to be a determi-
nant of arrhythmia recurrence (42). Although these
findings contradict previous reports, it is also likely
that our study was not adequately powered with re-
spect to these observations.

While this study did not specifically examine
the electrophysiological characteristics of PVCs
and their relationships with ventricular arrhythmias,
some observations can be made. Among patients
with IHD, re-entry of the sinus beat due to tempo-
rary impairment of conductivity or excitability in
ventricular muscle is thought to be the main mech-
anism responsible for the initiation of ventricular
arrhythmias (1 – 3, 14, 48). Previous studies of
EGMs in patients with IHD have shown that single
PVCs are most commonly involved in the onset of

ventricular arrhythmias (1, 3, 14). This observation
is a possible explanation for the relatively higher
predictive power of sPVCs compared to rPVCs, as
illustrated in Figs. 3 and 4. However, we are unable
to explain the consistently higher frequency of
sPVCs compared to rPVCs observed in all but 2 of
our patients.

There were several limitations to our study: (a)
the overall study population was small, leading to
an even smaller subgroup of patients with IHD; (b)
the classification of patients into the IHD group
was based on symptomatic presentation only, im-
plying that some of the non-IHD patients with sub-
clinical IHD may have been missed; (c) there was
substantial variation in the number of days over
which frequency of PVCs was calculated; (d) al-
though our findings in relation to patients with IHD
are statistically significant, we have been unable to
characterize other trends, particularly in relation to
LVEF; (e) the absence of categorical data, as is the
case for underlying pathology in our overall popu-
lation, implies that our figures are at best esti-
mates; and (f) by examining only patients with an
ICD, we excluded patients who are at risk of
VT/VF but who did not receive ICDs. The correla-
tion of PVCs with VT/VF in the latter group is
likely to be very different.

Conclusion

The main finding of our study suggests that mean
frequency of PVCs is a potentially useful marker of
vulnerability to malignant arrhythmias in patients
with IHD as underlying pathology. Elevated risk for
sudden cardiac death clearly exists in clinical situa-
tions of left ventricular dysfunction, and has been ex-
tensively described. However, further risk stratifica-
tion is needed. The challenge for clinicians is to iden-
tify those patients at the highest risk—individuals
who would benefit from more extensive evaluation
and more aggressive treatment.
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