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Premature ventricular contractions (PVCs) are a common form of arrhythmia associated with an unfavourable prognosis in
patients with structural heart disease. However, the prognostic significance in absence of heart disease is debated. With this
study, we aim to investigate whether subjects with PVC, without structural heart disease, have a worse prognosis than the
general population.

Patients evaluated for PVC at a secondary care centre in Stockholm County from January 2010 to December 2016 were
identified. We included patients without history of previous heart disease who had undergone echocardiography and ex-
ercise test with normal findings. Based on sex and age, we matched the PVC cohort to a four times bigger control group
from the general population and compared the outcome in terms of mortality and cardiovascular morbidity during a median
follow-up time of 5.2 years. We included 820 patients and 3,264 controls. Based on a non-inferiority analysis, the PVC group
did not have a higher mortality than the control group (0.44, Cl 0.27-0.72). Sensitivity analysis with propensity score match-
ing confirmed this result.

PVC patients, who after thorough evaluation showed no signs of structural heart disease, did not have a worse prognosis
when compared to an age- and sex- control group based on the general population.

Premature ® Ventricular ® Contractions ® Complex ® Arrhythmia

What’s new?

gone a medical evaluation including echocardiogram and exercise
test without signs of structural heart disease do not have a worse
prognosis than a sex- and age-matched control group.

® This study can contribute to a better understanding of prognosis and
evaluation of patients with premature ventricular contractions.

Background

Premature ventricular contractions (PVCs) are cardiac contractions

® Premature ventricular contractions are associated with a poor prog- due to depolarizations originating from any area of the ventricles and,
nosis in individuals with structural heart disease, while their signifi- though their reported prevalence ranges widely, between 1 and 40%,
cance amongst healthy individuals is uncertain. are common in clinical practice’™. This large variation depends mainly
® Patients with premature ventricular contractions who have under- on different ways of recording and storing electrocardiogram (ECG),

different study populations and inclusion criteria. Nevertheless, it is rea-
sonable to believe that PVCs are common in the general population.
The association between PVCs and a negative prognosis in presence of
structural heart disease is well established.”™® However, the evidence
amongst subjects without obvious heart disease is much more uncertain;

studies exploring the issue vary in design and present conflicting results.**"'°
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Figure 1 Graphical summary of the inclusion and selection process.

Meta-analyses of the prognostic implications of PVCs in individuals
without pre-existing clinically apparent heart disease were missing until
2012 when Lee et al.” published a study which was rapidly followed by
Ataklte et al.'® The pooled results from both meta-analyses showed an
association between PVC prevalence and poor prognostic outcome.
However, the authors suggested an insufficient adjustment for possible
confounders in some of the included studies.

More recent data continue to show conflicting results. Some studies
suggest that asymptomatic or low-symptomatic PVCs have a benign
natural course in subjects with normal ventricular function,”’12 and
others show that PVCs increase the risk for structural heart disease
in healthy individuals or on a population basis."*"* While it is reasonable
to believe that PVCs are mostly benign in healthy individuals, it is cur-
rently unclear whether PVC patients with normal findings at structural
examinations may be reassured about their prognosis.

Consequently, the aim of this study is to investigate the association
between PVCs and prognostic outcome among individuals without ob-
vious structural heart disease.

Methods

We identified and included consecutive patients receiving a PVC diagnosis
both as a primary and non-primary diagnosis by conducting a search in the
database of three major hospitals in the Stockholm area. The search was
limited to the period between January 2010 and December 2016 and
was conducted using QlikView software (Radnor, USA) with
ICD-10-code 149.3 (PVC). The patients were followed prospectively until
31 December 2018. The hospitals were secondary centres with a total
catchment area of about 1.5 million people. The patients were referred
from primary care, emergency care, or after prior evaluation of a cardiolo-
gist due to various reasons. After identification of patients through specific
ICD-code (149.3), the correctness of the PVC diagnosis was verified by an

’
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experienced cardiologist through scrutiny of their medical records. Even pa-
tients with asymptomatic PVCs, but in which PVCs had been noticed and
evaluated, were included.

PVC patients with previous cardiovascular disease (CVD) (myocardial in-
farction, heart failure, sustained ventricular tachycardia, survived cardiac ar-
rest, moderate or severe valvular dysfunction, previous cardiac surgery, or
percutaneous revascularization) were not included. We linked PVC pa-
tients and controls to the National Patient Registry and the Swedish
Prescribed Drugs Registry, both run by the National Board of health and
Welfare. These data covered all in-patient hospital care and hospital asso-
ciated out-patient care in Sweden for the years 1997-2018.

As a second step, we demanded that patients had been evaluated with
ECG recording (at least 24-hour Holter monitoring or telemetry), echocar-
diography, and exercise test and that echocardiography and exercise test
(or, when needed, completing tests to rule out coronary artery disease)
had shown normal findings. Normal findings at echocardiography were de-
fined as left ventricular ejection fraction equal or higher than 55%, absence
of moderate to severe valvular heart disease, normal ventricular dimen-
sions, and normal ventricular wall thickness. Normal exercise test was de-
fined as absence of electrocardiographic finding indicating possible coronary
artery disease, such as exercise-induced depression of the ST-interval or
exercise-induced ventricular arrhythmia. In presence of these findings, we
included patients only if an additional exam (myocardial scintigraphy, mag-
netic resonance tomography, or coronary angiography, according to clinical
practice) ruled out coronary artery disease.

After linkage with the National Patient Registry, we found that 40 of the
included patients had previously received a cardiovascular diagnosis, which
led to their exclusion.

In summary, patients were included if they were confirmed to have PVCs
and found to have no signs of structural heart disease after examination
with echocardiography and exercise test. In a few cases, we also performed
an additional examination with myocardial scintigraphy, magnetic resonance
tomography or coronary angiography to exclude structural heart disease.

The controls were identified by Statistics Sweden (Statistiska
Centralbyrdn) from a random sample of the general Swedish population
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Table 1 Baseline characteristics of the primary analytic sample

PVC cohort (n = 820)

Age, median (IQR) 59.0 (45.0-70.0)

Men, n (%) 347 (42.3)
Ischaemic heart disease, n (%) 0 (0.0)
Heart failure, n (%) 0 (0.0
Cancer, n (%) 112 (13.7)
Hypertension, n (%) 173 (21.1)
Diabetes, n (%) 39 (4.8)
Cerebrovascular disease, n (%) 23 (2.8)
Hyperlipidaemia, n (%) 66 (8.0)
Atrial fibrillation, n (%) 50 (6.1)
Beta blockers, n (%) 410 (50.0)
Anticoagulants and platelet inhibitors, n (%) 238 (29.0)
Antiarrhythmic drug, class 1, n (%) 14 (1.7)
Antiarrhythmic drug, class 3, n (%) 11 (1.3)
Calcium channel blockers, n (%) 216 (26.3)
Diuretics, n (%) 311 (37.9)
Digitalis, n (%) 6 (0.7)
ACE inhibitors, n (%) 159 (19.4)
Angiotensin receptor blockers, n (%) 108 (13.2)

Controls (n =3 264) P SMD
59.0 (45.0-70.0) 0.983 <0.001
1376 (42.2) 0.965 0.003
155 (4.7) <0.001 0316
60 (1.8) <0.001 0.194
317 (9.7) 0.001 0.123
535 (16.4) 0.002 0.121
212 (6.5) 0.076 0.076
128 (3.9) 0.158 0.062
161 (4.9) 0.001 0.127
137 (4.2) 0.025 0.086
760 (23.3) <0.001 0.577
752 (23.0) <0.001 0.137
9(0.3) <0.001 0.145
3(0.1) <0.001 0.149
611 (18.7) <0.001 0.183
983 (30.1) <0.001 0.165
27 (0.8) 0.956 0.011
602 (18.4) 0.567 0.024
401 (12.3) 0.531 0.027

and matched on sex and age at diagnosis (each control was included the
same date as the case of referral). Four controls were individually matched
to each person in our PVC cohort. Amongst them, 16 persons had a pre-
vious PVC diagnosis and were therefore excluded.

This inclusion/selection process yielded a cohort of 820 PVC patients and
3264 controls. This was the study base for survival analysis. For the analysis
of other cardiovascular outcomes, we also excluded controls with a previ-
ous cardiovascular diagnosis, which left 820 PVC-patients and 3 069 con-
trols for these analyses.

The whole process is summarized with a flow-chart in Figure 1.

Outcomes and statistics

Our hypothesis was that a PVC population, in which structural heart dis-
ease was thoroughly excluded, did not have a worse prognosis than the gen-
eral population. Following this, we ran a power calculation based on the
hypothesis of non-inferiority. The calculation indicated that the study would
be able to identify a mortality risk among cases with 90% power if it was
more than two times higher than among the controls. The assumption
was based on 700 patients during a median follow-up of 3.5 years.

The considered outcomes were total mortality and cardiovascular mor-
bidity. Cardiovascular morbidity was defined as diagnosis of ischaemic heart
disease (International Classification of Diseases-10 codes 120-125), cardio-
myopathy (142, 143), cardiac arrest (146), ventricular tachycardia (147.2), ven-
tricular fibrillation (149.0), and heart failure (150).

Continuous variables are presented as medians and quartiles while cat-
egorical variables are presented as counts and proportions. For outcome
analyses, we used a Cox proportional hazard model. For each outcome,
three regressions models were used. Model 1 was only adjusted for the
matching variables (age and sex); model 2 added adjustment for hyperten-
sion, cerebrovascular disease, diabetes, malignancy, hyperlipidaemia, and at-
rial fibrillation; model 3 further adjusted for previous medication use (beta
blockers, diuretics, and calcium channels blockers). The proportional hazard
assumption was tested by proportional hazard test and visual inspection.
When a covariate violated the proportional hazard assumption, we strati-
fied the analysis on that variable. Results are presented as hazard ratios
(HRs) with 95% confidence intervals (Cls). The secondary analysis on

cardiovascular morbidity was calculated with Fine-Grey sub-distribution
hazard regression with mortality as competing risk.

Data management and statistical analyses were performed in R version
4.03 (R Foundation, Vienna, Austria). The study is registered at
ClinicalTrials.gov with identifier NCT03370679.

Patients and public were not involved in the design, conduct, reporting,
or dissemination plans of our research.

Ethics

The study was approved by the regional ethics committee (diary num-
ber 2014/670-31/4) and complied with the Declaration of Helsinki.

Results

Baseline characteristics are presented in Table 1. Compared to con-
trols, the PVC cohort had a higher share of individuals with previous
cancer (13.7% vs. 9.7%), hypertension (21.1% vs. 16.4%), atrial fibrilla-
tion (6.1% vs. 4.2%), and hyperlipidaemia (8.0% vs. 4.9%).

In the secondary analytic sample, controls with previous cardiovascu-
lar diagnosis were excluded. The sample consisted of 820 PVC cases
and 3069 controls. Baseline characteristics are presented in Table 2.

Overall mortality

During a median follow-up time of 5.2 years [interquartile range (IQR)
3.9-6.4 years], 24 patients in the PVC group died, resulting in a mortal-
ity rate of 5.7/1000 person-years. In the control group, 194 patients
died, resulting in a mortality rate of 11.9/1 000 person years. The causes
of death in the two groups are summarized in Table 3.

The conditional HR for overall mortality in the PVC group was 0.44
(C1 0.27-0.71). The control patients started to diverge from the PVC
patients after 1 year of follow-up (Figure 2). Adjustment for potential
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Table 2 Baseline characteristics of the secondary analytic sample

PVC cohort (N =820)

Age, median (IQR) 59.0 (45.0-70.0)

Men, n (%) 347 (42.3)
Ischaemic heart disease, n (%) 0 (0.0)
Heart Failure, n (%) 0 (0.0)
Cancer, n (%) 112 (13.7)
Hypertension, n (%) 173 (21.1)
Diabetes, n (%) 39 (4.8)
Cerebrovascular disease, n (%) 23 (2.8)
Hyperlipidaemia, n (%) 66 (8.0)
Atrial Fibrillation, n (%) 50 (6.1)
Beta Blockers, n (%) 410 (50.0)
Anticoagulants and platelet-inhibitors, n (%) 238 (29.0)
Antiarrhythmic drug, class 1, n (%) 14 (1.7)
Antiarrhythmic drug, class 3, n (%) 11 (1.3)
Calcium channel blockers, n (%) 216 (26.3)
Diuretics, n (%) 311 (37.9)
Digitalis, n (%) 6 (0.7)
ACE inhibitors, n (%) 159 (194)
Angiotensin receptor blockers, n (%) 108 (13.2)

Controls (N = 3069) P SMD
59.0 (45.0-69.0) 0.590 0018
1249 (40.7) 0425 0033
0 (0.0) NA <0.001
0(0.0) NA <0.001

265 (8.6) <0.001 0.160
398 (13.0) <0.001 0218
161 (5.2) 0635 0022
92 (3.0) 0862 0.011

96 (3.1) <0.001 0215

87 (2.8) <0.001 0.158

585 (19.1) <0.001 0.688
570 (18.6) <0.001 0.247
8(0.3) <0.001 0.147
1(0.0) <0.001 0.159

520 (16.9) <0.001 0.230
865 (28.2) <0.001 0.208
8(0.3) 0.094 0.067

472 (15.4) 0.007 0.106
335 (10.9) 0.081 0.069

confounders did not affect the association between PVC and survival
with similar HR in all models, as shown in Figure 3.

We had access to information about the PVC burden in 670 patients
and classified them according to the number of PVCs per day. The data
were obtained through inpatient or outpatient registration, and 76.3%
had at least 1 000 PVCs/day. We stratified the PVC patients according
to PVC burden. Survival analysis could not show any difference in mor-
tality between the strata. The results are summarized in Figure 4.

Cardiovascular morbidity

Registry data allowed us to identify controls with previous CVD. After
exclusion of these individuals the subset consisted of 820 PVC patients
and 3069 controls (for details, see Figure 7). The morbidity rate was

Table 3 Causes of death in PVC group and controls according to
ICD classification

PVC patients (n) Controls (n)

Infectious diseases 0 5
Tumours 12 55
Endocrine and metabolic diseases 0 5
Psychiatric diseases 0 10
Neurological diseases 1 12
CVDs 9 69
Respiratory diseases 1 16
Diseases of the digestive system 1 5
External causes 0 15
Other causes 0 2

12.1/1 000 person-years among PVC patients (median follow-up time
of 5.1 years, IQR 3.8-6.4) and 7.4/1 000 person-years among controls
(follow-up time 5.1 years, IQR 3.8-6.3). The survival curves start to di-
verge after approximately 1.5 years of follow-up (Figure 5). The condi-
tional HR for PVC patients was 1.53 (Cl 1.06-2.21). Addition of
comorbidity data modified the HR to 1.31 (CI 0.72-2.37). In the third
model, where previous medications were added, the HR was 1.34 (Cl
0.71-2.53), as shown in Figure 6.

A sensitivity analysis after propensity score matching showed similar
results as in the main analysis regarding all-cause mortality (HR 0.32, Cl
0.20-0.50). For cardiovascular morbidity, the propensity-score-matched
analysis did not show a significant difference between cases and controls
(HR 1.37, C1 0.90-2.09).

Discussion

Overall mortality

It is well established that PVCs are a risk marker in patients with struc-
tural heart disease, while their prognostic significance in healthy sub-
jects is debated. The topic is important because PVCs are common
in clinical praxis. The 1985 paper by Kennedy et al.* has been a landmark
study for many years. It was based on a mean follow-up of 6.5 years and
included 70 asymptomatic healthy subjects with ventricular ectopy,
who did not show increased risk for death. As mentioned before, fol-
lowing studies in this topic have shown conflicting results. In our study,
including patients with frequent PVCs but without detectable structural
heart disease who were compared to an age- and sex-matched sample
from the general Swedish population, the prognosis for the PVC group
was not worse than for the control group.

Previous meta-analysis has highlighted the risk of insufficient examin-
ation leading to inclusion of individuals with undetected structural heart
disease.”"® More recently, Dukes et al."® found that a higher frequency
of PVCs was associated with increased risk for heart failure and death.
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Probability of survival by number of PVC
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Figure 4 Survival probability according to PVC-burden in 670 patients in which data about number of PVCs/day were available.

However, all participants in this study were 65 years of age or older, and
exercise test was not included in initial evaluation. This is why it is pos-
sible that a significant number of individuals with silent coronary artery
disease were included.

In our study, the prognosis for PVC patients with normal echocar-
diogram and exercise test was not worse than the one for the control
group. The evaluation routine was compliant to current ESC guidelines
from 2015, in which ECG monitoring, exercise test, and echocardiog-
raphy receive a class | recommendation in non-invasive evaluation of pa-
tients with ventricular arrhythmia.”® In more recent papers, the role of
exercise test was toned down, and authors suggested evaluating with
cardiac MRI in special situations.'*"”

There were differences between the two groups at baseline. In the PVC
group, no patients had heart failure or ischaemic heart disease, according
to study design, while the prevalence in the control group was, respective-
ly, 1.8 and 6%. On the other hand, the PVC group had a higher prevalence
of cancer, hypertension, diabetes mellitus, hyperlipidaemia, and atrial fibril-
lation. However, after adjusting for comorbidities, the PVC group did not
have a higher mortality than controls during the follow-up time.

Cardiovascular morbidity

Previous study has shown a link between PVCs and increased risk for
cardiovascular morbidity,1 315 although they have not always assessed in-
cluded patients with echocardiography and exercise test and thus po-
tentially have included subjects with structural heart diseases." In our
study, when testing for cardiovascular morbidity, we excluded controls

with previous heart disease. The subsequent analysis showed that the
PVC cohort had a higher risk for receiving a cardiovascular diagnosis
during follow-up. As this may contrast with the mortality results, a rea-
sonable explanation for the discrepancy is that PVC subjects were often
followed by a cardiologist, which could lead to both a higher and/or earl-
ier detection of cardiovascular conditions during follow-up. Another
possible contributing factor is the PVC cohort being identified in three
hospitals in the Stockholm area. As controls were Swedish citizens from
anywhere in the country, they possibly had different heath care access
possibilities and contact patterns than the Stockholm-based cohort.
However, after adjusting for previous diseases and medications, we
could state no statistically significant difference in cardiovascular mor-
bidity between the two groups.

PVC burden

A relation between frequency of PVC and clinical outcome, including a
possible cut-off value in PVC/day has been discussed in several stud-
ies.">"81% | the study by Dukes et al,"” a correlation was found between
number of PVCs, decline in left ventricular function and mortality. Baman
et al'® reported that among patients who had been referred for
PVC-ablation, those with reduced ejection fraction, had higher
PVC-burden than those with normal left ventricular function. In the study
by Lin,?° a cut off PVC frequency of 12/day for increased mortality risk was
identified, while Lie identified the optimal cut off at 8% of total beats. In our
study a sub-group analysis after stratification of the PVC group according
to PVC burden did not show any difference in mortality. However, it is
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Figure 5 Kaplan—Meier plot for probability of receiving a cardiovascular diagnosis in PVC and control groups.

possible that we did not have sufficient power to show such a difference,
albeit we included more patients than some of the studies above.

Control group

When designing this study, we chose a control group, matched for sex
and age, from the general population. Including control subjects with
previous CVD would mean that the control group would better re-
present the general population and potentially give the study a high ex-
ternal validity. However, it could also lead to a falsely favourable
outcome for the PVC group given that it is not always possible to com-
pletely adjust for pre-existing conditions during data analysis. On the
contrary, comparing the PVC group to a control group without cardio-
vascular diagnosis could decrease the risk for confounding but put the
results farther away from ‘real life’ settings. VWWe opted to include con-
trols with heart disease in our survival analysis and adjust for pre-
existing conditions. Adjustment did not alter the result, showing an
overall good prognosis for the PVC group. When running the Cox re-
gression for cardiovascular morbidity we could state that the require-
ment for proportional hazard was not fulfilled, as a proportion of the
sample already had previous CVD diagnosis which led to violation of
the proportional hazard assumption. Excluding controls with CVD
handled this violation. The following regression analysis showed a high-
er incidence of CVD for the PVC group. However, sub-distribution HR
for morbidity did not significantly differ after adjustment for previous
comorbidities and medication, and sensitivity analysis with propensity
score matching confirmed the good general survival prognosis for the
PVC group while showing no differences in cardiovascular morbidity.

Clinical evaluation

Our results suggest that individuals with PVCs without signs of CVD
after a diagnostic work-up including echocardiogram and exercise

test seem to have a good prognosis. These findings are consistent
with results and recommendations from other studies.""*" It is possible
that previous studies showing a negative prognostic effect of PVCs in
healthy individuals did not have sufficiently strict exclusion criteria to
exclude structural heart disease, several of them identifying structural
heart disease only by history and physical examination. This was one
of the conclusions from previously mentioned meta-analysis.”
Moreover, the authors of this paper examined the quality of the in-
cluded studies. The results of this analysis showed that the increase
in Odds Ratio for PVC patients was less pronounced in studies with
higher quality, potentially meaning that a study that managed to identify
and exclude patients with structural heart diseases would show a fa-
vourable prognosis for the included PVC patients.

Limitations

This study is based on a cohort of PVC patients identified at secondary
health care centres. The population studied represented both symp-
tomatic and asymptomatic patients with PVC and normal findings at ex-
ercise tests and echocardiography. It does not necessarily represent a
broader population of PVC patients received care at primary centres
or who did not seek care at all.

We did not have complete access to the included individuals’ demo-
graphic data, so we are not able to state whether socio-economic sta-
tus could by any means affect the outcome. As stated in the Discussion
chapter, the PVC cases were identified in three hospitals of the
Stockholm area of Sweden while the control group potentially con-
sisted of individuals from the entire country.

The accuracy of the PVC diagnosis was verified in the PVC cohort at
inclusion. While identification through ICD code can be seen as a limi-
tation and we cannot exclude that there were controls with PVCs (but
without an ICD-diagnosis) there is a large set of evidence that suggests
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SHR for cardiomorbidity
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Figure 6 Sub-distribution hazard ratio (fine-grey) for cardiovascular morbidity in the PVC group compared to control group according to different

conditioning models.

|ICD-codes have a high specificity, sensitivity, and positive predictive va-
lue for CVDs.>>%

Albeit the waiting time from referral to specialist evaluation is usually
short (less than 30 days), we do not have information about deaths on
the waiting list and the possible positive selection effect they ensue.
However, while this is a general problem with hospital-based data, it
is reasonable to believe that very few, if any, deaths occurred while
on waiting list.

According to ESC guidelines from 2015, we evaluated all patients in
our PVC cohort with echocardiography and exercise test. Recently
the role of exercise test in evaluation of cardiac ischaemia has been
questioned, with imaging methods such as resonance imaging and
computed tomography being the alternative. However, none of the
included patients had current history of angina, and exercise test
must still be considered a viable tool for risk assessment of patients
with ventricular arrhythmia.

Conclusions

PVC patients who have had a thorough evaluation that ruled out
structural heart disease should be given a reassuring message regard-
ing their mid-term prognosis. More studies are needed to fully com-
prehend the overall impact of PVCs and identify potentially
vulnerable subgroups of patients.
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