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Abstract

Background—Ventricular tachycardia (VT) and premature ventricular complexes (PVC) most 

frequently occur in the context of structural heart disease. However, the burden of idiopathic 

ventricular arrhythmias (VA) in the general population is unknown.

Methods and Results—We identified incident cases of idiopathic VA between 2005and 2013 

from Olmsted County, MN using the Rochester Epidemiology Project database. For PVC cohorts, 

we included those with frequent (defined as ≥100 PVC/24 hours) symptomatic PVCs. We defined 

idiopathic VA-associated cardiomyopathy as an EF drop of ≥10% from baseline. Between 2005 

and 2013, we identified 614 individuals with incident idiopathic VA. (229 [37.3%] were male, 

average age was 52.1 ± 17.2 years). Of these, 177 (28.8%) had idiopathic VT, 408 (66.5%) had 

symptomatic PVCs and 29 (4.7%) had idiopathic VA-associated cardiomyopathy. The age- and 

sex- adjusted incidence rates in 2005–2007, 2008–2010 and 2011–2013 were 44.9 per 100,000 

(95% CI 38.0–51.8), 47.6 per 100,000 (95% CI 40.8–54.5) and 62.0 per 100,000 (95% CI 54.4–

69.6), respectively. In idiopathic VT, there was an increase in incidence rate with age s (P<0.001) 

but not between sexes (P=0.12). The age-adjusted incidence of symptomatic PVC was higher in 

females than males (46.2 per 100,000 [95% CI 40.9–51.6] versus 20.5 per 100,000 [95% CI 16.8–

24.3], p<0.001). The small number of individuals with idiopathic VA-associated cardiomyopathy 

precluded any formal testing.

Conclusions—The incidence of idiopathic VA is increasing. Furthermore, overall incidence 

increases with age. While the rate of idiopathic VT is similar across genders, women have a higher 

incidence of symptomatic PVC.
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Introduction

Ventricular tachycardia (VT) and premature ventricular complexes (PVC) most frequently 

occur in the context of a structurally abnormal heart, e.g. coronary artery disease, severe 

valvular heart disease or low ejection fraction (EF). However, ventricular arrhythmias (VAs) 

may also occur in individuals with no apparent structural heart disease. These so called 

‘idiopathic VT’ cases are said to account for 10% of all VT diagnoses1. Although the 

prognosis is typically favorable compared to structural heart disease-associated VT, 

debilitating symptoms and even death have been reported2. Symptoms include fatigue, 

palpitations, dyspnea, presyncope, syncope (although rare in PVCs unless in the context of 

severely depressed cardiac function) and heart failure 3–5. Yet, while studies have tried to 

define the prevalence of idiopathic VA, data has predominantly originated from referral 

centers performing ablation procedures6. As such, the burden of idiopathic VAs is unknown 

and population-based data are scarce. Thus, the purpose of this study was to determine the 

incidence of idiopathic VA from a stable community-based population in South-East 

Minnesota. We postulated that, although relatively infrequent, incident cases of idiopathic 

VA are increasing in frequency given the increasing use of monitoring devices and device 

interrogation.

Methods

Study setting and cohort

This population-based cohort study was conducted within Olmsted County, Minnesota 

utilizing the Rochester Epidemiology Project (REP)7–10. The study was approved by the 

Mayo Clinic and Olmsted Medical Center institutional review boards. Even with racial and 

socioeconomic disparities in Olmsted County compared to the general US population, 

biological phenomena are generalizable to population at large. The geographic 

characteristics of this region enable epidemiological studies because Olmsted County is 

relatively isolated from other urban centers. Furthermore, care to the majority of Olmsted 

Country residents is provided by Mayo Clinic, Olmsted Medical Center and a few private 

care physicians each of whom use a comprehensive medical record system. All medical 

records of county residents are indexed, thus enabling retrieval of data whilst ensuring 

complete capture of all healthcare-related events occurring in the county for county 

residents. These sources provide information concerning virtually all the care delivered for 

Olmsted County residents. The medical records linkage system of the REP now 

encompasses 6,239,353 person-years of follow-up among 502,820 unique individuals 

attended heath care providers at least once between 1966 and 2010 (counting both current 

and previous residents)‥
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The study period was 2005–2013. This period was chosen to reflect the current clinical 

practice and outcomes associated with idiopathic VT taking into considering the 

advancements in mapping and ablation that have occurred over the last 2 decades. The 

cohort consisted of patients aged 18 years and older with incident (first-ever) idiopathic VA 

(idiopathic VT, idiopathic PVC and idiopathic VA-associated cardiomyopathy – see below 

for definitions). Patients with VAs documented prior to 2005 (i.e., prevalent cases) were 

excluded. Asymptomatic patients with frequent PVCs and low EF at presentation during the 

study period were considered as prevalent cases and were excluded.

Development of the cohort

Given that our aim was to determine incidence of idiopathic VA, Olmsted County residents 

were reviewed for patients who had received a diagnosis of VA using International 

Classification of Diseases, Ninth Revision (ICD-9) codes for VT (427.1) or PVC (427.69). 

Individuals with a coexisting diagnosis of coronary artery disease (ICD-9 codes 410–415) 

were excluded from the study.

Trained abstractors reviewed the medical records and collected information on symptoms11, 

triggers12 and treatment strategies13‥ Palpitations, dizziness, fatigue, presyncope, syncope 

and heart failure symptoms attributable to PVCs at a frequency >100/24 hours were 

considered significant. In clinical practice symptoms that correlate with ectopy are often 

reported among patients with fairly low burden (<500/ 24hours). Taking day to day 

variability of IVA burden into consideration a threshold of >100/ 24 hours was chosen for 

the study. Patient reported triggers for palpitations were abstracted. Medical therapy for VA 

was grouped according to Vaughan-Williams classification. Baseline demographic and 

clinical characteristics, including hypertension, hyperlipidemia, chronic renal disease, 

diabetes mellitus, thyroid disease, and liver disease were obtained electronically from the 

medical record using diagnostic codes. Information regarding coronary artery disease (CAD) 

including angina presumed to be from CAD, prior myocardial infarction, physiologically 

significant epicardial coronary artery disease (lesion>70%) were abstracted from the medical 

records. Patients with underlying structural heart disease resulting from coronary artery 

disease, prior myocarditis, adult congenital heart disease, arrhythmogenic right ventricular 

cardiomyopathy, ion channelopathy, valvular heart disease (≥moderate valvular lesion) and 

cardiomyopathies (dilated with ejection fraction<50%, infiltrative or hypertrophic) were 

excluded after chart review. Data regarding changes in structural function (EF) or size (left 

ventricular end-diastolic diameter, LVEDD) were obtained by review of M-mode and 2D 

echocardiography when available.

Electrocardiographic information based on 12- lead electrocardiography (ECG) tracings, and 

ambulatory recordings (Holters and event monitors) was obtained. Premature ventricular 

contractions (PVCs) were defined as wide complex beats (QRS >120ms) without any 

preceding atrial activity14. Among patients with frequent supraventricular ectopic beats or 

atrial fibrillation, aberrancy was determined by typical QRS morphology and preceding long 

short sequence15. PVC burden was determined by dividing the number of ectopic beats by 

the number of total QRS complexes in 24 hours.
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Patients with idiopathic VA were divided into three cohorts. The definitions of each are as 

follows:

1. Idiopathic Ventricular Tachycardia (VT): 3 or more sequential wide complex 

beats arising from the ventricles, rate ≥100bpm16.

2. Symptomatic PVCs: Frequent wide complex beats (≥100 beats/24 hours) 

occurring singly or in couplets arising from the ventricles associated with above 

described symptoms.

3. Idiopathic VA associated with cardiomyopathy (IVA-CM): Drop in EF ≥10% 

from baseline in the absence of other causes associated with cardiomyopathy.

Statistical analysis

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, 

North Carolina). Categorical variables were expressed as percentages; whereas continuous 

variables were expressed as mean ± standard deviation (SD) Comparison of categorical 

variables was performed using the chi-square test, whereas comparison of continuous 

variables was performed with the Analysis of Variance. All p-values were 2-sided, and p-

values <0.05 were considered significant. The overall incidence was estimated using the age 

and sex- specific population figures in Olmsted County. Yearly incidence rates for each sex 

was determined by dividing the number of cases within that group by the estimated total 

Olmsted County resident population of the group for that given year. Population figures for 

2000 and 2010 came from the US census data; figures for inter-census years were estimated 

by using linear interpolation. Rates were adjusted to age and/or sex distribution of the US 

white population from 2010. Poisson regression models were used to test for trends over 

time, and across age and sex.

Results

Using billing codes, we identified 2931 individuals satisfying our definition of idiopathic VA 

between 2005 and 2013. Of these, 355 patients were excluded either due to duplicate entries 

(182 patients) or prevalent diagnoses of VT/PVC i.e., prior to 2005 (173 patients). A further 

1962 patients were excluded due to identification of structural heart disease or evidence of a 

supraventricular rhythm with aberrancy. Therefore, 614 patients remained that were suitable 

for inclusion between 2005–2013(Figure 1)

Baseline characteristics

Of 614 patients, 177 (28.8%) had idiopathic VT, 408 (66.4%) had symptomatic PVCs and 

29 (4.7%) had IVA-CM. The average age was 52.1 ± 17.2 years (range 18–93) and 229 

(37.3%) were male. Of the overall cohort, 47% had dyslipidemia, 37% had hypertension, 

16% had thyroid disease and 10% had diabetes mellitus. Only 8% had chronic kidney 

disease or liver disease (Table 1). Significant intergroup differences were seen for age and 

hypertension. Patients were older and had more comorbidities in the IVA-CM group. As 

expected, beta-blockers and calcium channel blockers were the most frequent medications 

used (45% of patients). Class I and III antiarrhythmic drugs were used in 5%; however, their 
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use was less frequent in symptomatic/ frequent idiopathic PVC. Ablation was performed in 

7.3% of patients (11.9% in idiopathic VT; 2.9% in symptomatic PVC; 37.9% in IVA-CM).

Average EF and LVEDD were 62.1 ± 4.9% and 48.7 ± 5.2 mm (normal range 40–54mm), 

respectively. Both EF and LVEDD were significantly different between groups (p=0.004 and 

p=0.03 respectively) although the actual differences are small in magnitude. Baseline 

characteristics are summarized in table 1.

Overall incidence

The crude incidence rates of idiopathic VA, idiopathic VT symptomatic PVC, and IVA-CM 

are shown in table 2 and figure 2. The overall age and sex-adjusted incidence of idiopathic 

VA was 51.9 per 100,000 (95% CI 47.7–56.0). This predominantly consisted of 

symptomatic PVCs, with an age and sex-adjusted incidence rate of 33.5 (30.2–36.8) per 

100,000. Of note, the age-adjusted incidence of VA overall was greater in females than 

males (62.0 per 100,000 [95% CI 55.7–68.2] versus 42.4 per 100,000 [95% CI 36.8–48.0], 

p<0.001) (figure 3). Interestingly, there appeared to be a significant difference in crude 

incidence rates of idiopathic VA between males and females, both across age groups and 

over time (p<0.001 for all) (figures 4 & 5A).

There was a clear increase in the documented incidence rate of VA from 2005 to 2013. The 

age and sex-adjusted incidence rates in 2005–2007, 2008–2010 and 2011–2013 were 44.9 

per 100,000 (95% CI 38.0–51.8), 47.6 per 100,000 (95% CI 40.8–54.5) and 62.0 per 

100,000 (95% CI 54.4–69.6), respectively, which was driven by an increase in symptomatic 

PVC (figure 5B).

Idiopathic VT

Of 177 patients in this category, 97 (55%) were male and 80 (45%) were female. The 

average age was 59.2 ± 17.6 years. The overall age and sex-adjusted incidence of idiopathic 

VT was 15.8 per 100,000 (95% CI 13.5–18.1). The age-adjusted rate was not significantly 

different between sexes (19.2 per 100,000 [95% CI 15.3–23.1] in males versus 13.3 per 

100,000 [95% CI 10.4–16.2] in males, p=0.11). There was, however, an increase in 

incidence rate across age groups (p<0.001). There was no increase in the age and sex-

adjusted incidence over time (p=0.30): the age and sex-adjusted incidence rates in 2005–

2007, 2008–2010 and 2011–2013 were 14.9 per 100,000 (95% CI 10.8–19.0), 13.9 per 

100,000 (95% CI 10.2–17.7) and 18.4 per 100,000 (95% CI 14.1–22.7).

Idiopathic PVC

Of 408 patients with symptomatic PVC, 290 (71.1%) were female and 118 (28.9%) were 

male with an average age of 48.4 ± 15.8 years. The age and sex-adjusted incidence rate 

increased throughout the study period. Specifically, the age and sex-adjusted incidence rates 

between 2005–2007, 2008–2010 and 2011–2013 were 27.5 per 100,000 (95% CI 22.3–

32.8), 31.3 per 100,000 (95% CI 25.8–36.8) and 40.8 per 100,000 (95% CI 34.7–46.9), 

respectively (p=0.003). Furthermore, there was a significant increase with age (p<0.001). 

The average PVC burden in the group was 3.8±6%
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Idiopathic VA-associated cardiomyopathy

Of 29 patients with IVA-CM, 15 (51.7%) were female and 14 (48.3%) were male with an 

average age of 59.2 ± 19.2 years. The overall age and sex-adjusted incidence was 2.6 per 

100,000 (95% CI 1.6–3.5). The age- adjusted incidence between sexes appeared similar (2.4 

per 100,000 [95% CI 1.2–3.7] versus 2.7 per 100,000 [95% CI 1.3–4.2] in females and 

males, respectively); however the small number of individuals precluded any formal testing. 

The average PVC burden in the IVA-CM group was 9.1 ± 11%.

Ventricular arrhythmia burden and development of cardiomyopathy

The mean burden of VA (supplemental figure) during a 24- hour period in the entire 

idiopathic VA cohort was 4.2 ± 7% (Range 0–39). During a 24 hour period, 88 (14.3 %) 

patients had burden above 10% (table 3). The mean EF was 46±11 % and the median time to 

low EF was 5.1 years among the IVA-CM group. The incidence of cardiomyopathy is 

similar among patients with less than 10% burden when compared to >10% burden (p value 

= 0.07) in the entire cohort.

Discussion

This population based study of a non-referral based cohort of Olmsted County residents 

demonstrates that the overall age and sex-adjusted incidence of idiopathic ventricular 

arrhythmias (VA) amongst individuals 18 years or older is 51.9 per 100,000. This is lower 

than the incidence of atrial fibrillation17 and other common cardiovascular disorders 

including myocardial infarction18, and heart failure19. In addition, the incidence of 

idiopathic VA appears to be rising (in contrast to myocardial infarction and heart failure) and 

varies according to age group and gender.

Rising incidence

The rising incidence of idiopathic VA is driven by an increase in idiopathic PVC incidence 

which is likely due to the increasing awareness and recognition of their occurrence. For 

example, smart phone applications, portable single-lead electrocardiogram recorders as well 

as an expanding menu of ambulatory recording devices more readily permit identification of 

arrhythmias20. Notably our cohort excluded patients with cardiac implantable electronic 

devices. Our data provide important insights by highlighting the incidence of VT and PVC 

by age group and gender in those typically deemed to be at low risk for cardiovascular 

disease given that recent studies have associated even a low burden of PVCs with a decrease 

in LVEF, an increase in incident heart failure, and increased mortality21–23. Furthermore, the 

contribution of PVC burden to heart failure was comparable to conventional risk factors23. 

However, it is difficult to determine whether early detection and treatment of idiopathic VA, 

particularly PVCs, alters the natural history of patients Certainly, studies assessing the 

impact of idiopathic VA therapy on outcomes are warranted.

Age difference

We found an increase in incidence with age for VA – this was driven by an increase in 

idiopathic VT and symptomatic PVCs as patients got older. It is plausible that increased 

medical contact for non-specific complaints with age leads to more testing and thus 
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identification of arrhythmias that would have otherwise been unnoticed24. Although the 

emerging technology available to the public may lead to an increased detection rate in 

general, the low usage rate of such technology in the older population argues against this 

being a factor in that group25. Rather, the increased incidence in ageing individuals suggests 

that subclinical structural changes, e.g., myocardial fibrosis, may be contributing26. 

Therefore, the increased sensitivity of cardiac tests in the future will likely reclassify many 

‘idiopathic’ VA. In one study of VT patients with no structural abnormalities detected on 

usual cardiac investigations, cardiac magnetic resonance imaging (MRI) demonstrated 

structural abnormalities in approximately 5% of patients with idiopathic VA of right 

ventricular origin and 40% of left ventricular origin27. Given the current prohibitive cost of 

widespread MRI, in our opinion the definition of idiopathic VA should ideally consist of the 

following: absence of clinically significant coronary artery and structural heart disease, EF 

≥50% (unless low EF is secondary to idiopathic VA), absence of ECG evidence of scar (for 

example, a fractionated QRS28) and a normal signal averaged ECG29, Certainly, the ability 

to detect myocardial fibrosis is important as this has been associated with an increased 

vulnerability for arrhythmias30, 31.

Gender difference

We found that the incidence of symptomatic PVC was greater in women while that of 

idiopathic VT was similar among sexes. In keeping with other studies gender differences in 

arrhythmias, including idiopathic VT, have been well reported32–34. Studies have suggested 

that the gender-related variation in the incidence of idiopathic VA may in part be secondary 

to hormonal difference between men and women12. Additionally, sex steroids may alter K+ 

channel activity thus altering the action potential duration and susceptibility to reentrant 

VA35. However, although action potential duration may be longer in women, they have less 

transmural dispersion of refractoriness which may actually protect against reentrant 

arrhythmias33. Of course, the variability in the incidence of idiopathic VA may be related to 

difference in symptom perception and tendency to seek medical attention36. For example, in 

addition to hormonal differences, women may be more sensitive to PVCs such that they seek 

medical attention sooner, while males wait for more severe symptoms, which might explain 

our observed lack of difference with idiopathic VT. This is supported by studies 

demonstrating that males are more likely to develop IVA-CM4. However, it is not possible to 

determine this from our study.

Limitations

An incorrect estimation of the true incidence of idiopathic ventricular arrhythmia by this 

study may have occurred. The standard definition for idiopathic VT may miss individuals 

with subclinical coronary artery disease or scar; more sensitive imaging techniques may 

detect these abnormalities and thus reclassify these patients lowering true incidence rates. 

Current evidence suggests that IVA-CM is seen in patients with >10% burden. It is possible 

that some of the patients with burden <10% had non ischemic cardiomyopathy and PVCs 

were secondary to underlying disease process. Sensitive imaging tests to detect myocardial 

scar, longitudinal population studies evaluating the relationship are needed to clarify the 

relationship between PVC burden and development of cardiomyopathy. Further, not every 

resident of Olmsted County had some form of ECG recorded during the study period, thus 
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our incidence rate may be an underestimate. Thus the trends may reflect ascertainment bias 

with time. Given that the majority of residents in Olmsted County are from a homogeneous 

ethnic group (Caucasians), incidence estimates may not be applicable to other ethnicities. 

Treatment rates with medical therapy are low in our cohort. It is plausible that incidence 

rates of IVA may be lower with higher rates of medical therapy. Small number of patients in 

the IVA-CM group precluded meaningful descriptive or discriminative analysis. Finally, 

location or type of idiopathic VA is not reported – further data detailing this may provide 

important insights.

Conclusion

The incidence of idiopathic VA appears to be increasing and is mainly driven by increasing 

PVC incidence rates. The overall incidence of VA increases with age and women have a 

higher incidence of symptomatic PVC. The relationship between PVC burden and 

development of cardiomyopathy is less clear in our population-based study however, the rate 

of IVA-CM appears to be extremely low in the general population.
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WHAT IS KNOWN

• Idiopathic ventricular arrhythmias (VA) occur in patients with structurally 

normal hearts

• The burden of idiopathic VA in the general population is unknown

WHAT THE STUDY ADDS

• The age and sex adjusted incidence of idiopathic VA is 51.86 per 100,000 

(95% CI 47.72–56.01).

• The incidence increases with age. The incidence of ventricular tachycardia is 

similar across sexes while PVC’s are more common among women.
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Figure 1. 
Consort diagram showing derivation of the idiopathic ventricular arrhythmia cohort. PVC, 

premature ventricular complex; VT, ventricular tachycardia.
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Figure 2. 
Crude incidence rates of idiopathic ventricular arrhythmia overall, and according to 

subgroups. VT, ventricular tachycardia; PVC, premature ventricular complex; IVA-CM, 

idiopathic ventricular arrhythmia-associated cardiomyopathy.
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Figure 3. 
Crude incidence rates of idiopathic ventricular arrhythmia overall and according to 

subgroups according to gender. VT, ventricular tachycardia; PVC, premature ventricular 

complex; IVA-CM, asymptomatic premature ventricular complex-associated 

cardiomyopathy.
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Figure 4. 
Panel A, Crude incidence rate of idiopathic ventricular arrhythmia according to age and 

gender. Panel B, crude incidence rate of idiopathic PVC according to age and gender. Panel 

C, crude incidence rate of idiopathic VT according to age and gender.
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Figure 5. 
A: Incidence rate of idiopathic ventricular arrhythmia according to specific study time 

periods. B. Incidence rate of idiopathic ventricular tachycardia (VT) and premature 

ventricular complex (PVC) according to specific study time periods.
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Table 3

Arrhythmia burden among patients with idiopathic VA.

PVC
Burden*

Total n (%) Idiopathic VT
(N=177)

Symptomatic PVC
(N= 408)

IVA-CM

<10% 382 (81.3) 110 (70.9) 254 (88.2) 18 (66.7%)

11–20% 55 (11.7) 26 (16.8) 26 (9.0) 3 (11.1%)

21–30% 22 (4.7) 13 (8.4) 5 (1.7) 4 (14.8%)

31–40% 10 (2.1) 5 (3.2) 3 (1.0) 2 (7.4%)

>41% 1 (0.2) 1 (0.6) 0 0

*
PVC Burden= PVC count/ Total number of beats over a 24 hour period expressed as %. PVC burden reported here are at the time of diagnosis.
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