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ABSTRACT

Objective: Idiopathic premature ventricular complexes (PVC) occur in the absence of clinically apparent structural heart
disease (SHD) and are treated effectively with catheter ablation. We aimed to evaluate the association of PVC characteristics
with subclinical coronary artery disease (CAD) during catheter ablation.

Methods: A total of 116 patients (age: median 55 years; sex: 58.6% men), without SHD, in whom PVC ablation and coronary
angiography had been performed simultaneously were enrolled. PVC localizations were categorized into 4 groups as; right
ventricular outflow tract (RVOT), left ventricular outflow tract (LVOT), left ventricle (LV)-body, and right ventricle (RV)-body.
PVC frequency was also classified as moderate (5,000-10,000 PVCs/day) and frequent (=10,000 PVCs/day). Coronary artery
stenoses were categorized as normal, non-critical (<50%), and critical (=50%).

Results: Co-incidental CAD was more frequent among patients with LV-body originated PVCs (non-critical, 51.6 % and criti-
cal, 22.6 %); while most of the patients with LVOT, RVOT, and RV-body originated PVCs had normal coronary arteries (58.8%,
56%, and 55.6%, respectively; p=0.019). There was no significant association between PVC frequency and coronary artery
lesion severity (p=0.080) or between PVC recurrence and PVC frequency (p=0.748), PVC localization (p=0.188), coronary
artery lesion severity (p=0.080), number of involved coronary artery segments (p=0.566), and number of involved coronary
artery vessels (p=0.729).

Conclusion: Subclinical CAD was more frequent among patients with LV-body originated idiopathic PVCs. Thus, its routine
pre-procedural assessment may be considered for LV-body originated PVCs.
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INTRODUCTION

Premature ventricular complexes (PVCs) develop due to auto-
maticity, micro-re-entry, or triggered activity with a prevalence
of 1%-4% on 12-lead electrocardiography (ECG) and 40%-75%
on Holter monitorization (1-3). Although, PVCs generally have a
benign course, they can be associated with more serious condi-
tions, such as ventricular tachycardia and ventricular fibrillation,
causing sudden cardiac death, particularly in patients with SHD
or ionic channel disorders. PVC-induced cardiomyopathy is an-
other manifestation that responds well to either antiarrhythmic
medications or catheter ablation (4). Among several landmark
studies that evaluated the association between PVC and survival
after acute coronary syndrome, the GISSI trial (5) demonstrated
that more than 10 PVCs per hour, detected by Holter monitor-

ization, were associated with an increased mortality risk after a
myocardial infarction. It has also been reported that implantable
cardioverter-defibrillator prolongs survival in patients with coro-
nary heart disease and asymptomatic non-sustained ventricular
tachycardia (VT) (6). However, data regarding the relationship
between subclinical coronary atherosclerosis and PVC charac-
teristics in patients without structural heart disease (SHD) who
underwent catheter ablation is limited.

Catheter ablation offers safe and effective treatment for AAD re-
sistant symptomatic PVCs in patients with and without SHD (7,
8). We aimed to evaluate the association between PVC character-
istics and coincidentally detected coronary atherosclerosis, and
predictors of PVC recurrence, in patients without known SHD.
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METHODS

Study Population

Patients who underwent catheter ablation due to frequent and
symptomatic PVCs between May 2015 and June 2019 were
screened. Those who concurrently underwent diagnostic coronary
angiography (CAG) were included in the study. Coronary angiogra-
phy indications during catheter ablation were as follows: presence
of any risk factor for ischemic heart disease, moderate-to-severe mi-
tral regurgitation, reduced left ventricular ejection fraction (HFrEF),
and previous history of coronary artery disease (CAD). Patient data
including demographic, clinical, laboratory, procedural, and fol-
low-up parameters were obtained from the electronic database
of our university hospital. Exclusion criterias were: age <40 years,
lack of CAG assessment, history of myocardial infarction, presence
of polymorphic PVCs, ischemic signs and/or symptoms, and pre-
vious diagnosis of cardiomyopathy; including, arrhythmogenic
right ventricle cardiomyopathy, non-compaction cardiomyopathy,
hypertrophic or dilated cardiomyopathy, etc. Patients with systol-
ic blood pressure of =140 mmHg and/or diastolic BP (DBP) of =90
mmHg, or those receiving antihypertensive medications were con-
sidered as hypertensive (9). Diabetes mellitus was defined by the
presence of one of the following conditions: HbA1c levels>6.5%,
fasting plasma glucose levels>126 mg/dL, random plasma glucose
levels>200 mg/dL, plasma glucose levels 2 hours after oral glucose
loading=200 mg/dL, or administration of antidiabetic medications
(10). Chronic kidney disease was defined as an estimated glomer-
ular filtration rate (eGFR)<60 mL/min/1.73 m?in at least two mea-
surements at three months interval. PVCs were categorized into 4
groups according to the anatomic localization: 1) PVCs originating
from the right ventricular outflow tract (RVOT), 2) PVCs originating
from the left ventricular outflow tract (LVOT) including outflow
tract and aortic cusps, 3) LV-body originating PVCs including papil-
lary muscle, aortico-mitral continuity region, and LV summit, and 4)
RV-body originating PVCs including free wall, moderator band, and
papillary muscle. PVC frequency was classified as moderate (5,000-
10,000 PVCs/day) and frequent (=10,000 PVCs/day). Ethical approv-
al was received from the Local Ethical Committee of Hacettepe
University, School of Medicine. All patients were hospitalized and
signed a hospitalization form that included the permission to use
their clinical data for future clinical studies. Due to the retrospective
design of the study no additional informed consent was obtained
from the patients.

Mapping and Ablation Procedure

Antiarrhythmic drugs were stopped for a duration of five half-lives
of the drugs before the intervention. Anticoagulant and antiplate-
let drugs (P2Y12 receptor antogonists), except aspirin, were discon-
tinued before the procedure for the recommended time interval.

Main Points:

- There is not any relationship between the frequency of PVC
and coronary artery lesion severity.

+ LV-body originated PVCs are associated with the presence
and severity of CAD in patients with a structurally normal
heart

« PVC frequency and localization is not a predictor of recur-
rence after cathether ablation.
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Since PVC suppression may occur under general anesthesia, elec-
trophysiological studies and catheter ablation were performed
under conscious sedation using intravenous midazolam. Clinical
PVC templates were recorded at the beginning of the procedure.
If spontaneous PVCs were not seen, isoproterenol infusion was
administered to induce them. After femoral access, a thorough
electrophysiological study was performed in all patients using cor-
onary sinus, RV, and His catheters. In all patients, three-dimensional
electroanatomical mapping system was used (Ensite Precision, Ab-
bott or CARTO, Biosense Webster). If PVCs were of RV origin on the
surface ECG, activation mapping of RV and RVOT was performed
initially; while, for those of LV origin and/or without any early site
at the RV, activation mapping of the LV including aortic cusps was
performed. LV mapping was performed via the retrograde tran-
saortic approach. Heparin was administered to maintain an acti-
vated clotting time between 300 and 350 seconds in patients who
underwent LV mapping. Intravenous heparin (50 1U/kg) was also
administered to all patients if only right-sided mapping and abla-
tion were performed. Additionally, pace-mapping was also used
to localize the PVC exit site and a pace-map score >90% was ap-
plied for an appropriate ablation site. Radiofrequency (RF) current
ablation using irrigated tip catheters (maximum energy: 30-40 W;
duration: 60-120 s) was performed at the site of earliest local bi-
polar activation (=30 ms from the onset of the QRS) and with the
presence of a QS pattern in the unipolar signal. After ablation at the
appropriate site, procedural success was defined as the complete
elimination of the PVCs after a 30 minute waiting period, including
isoproterenol infusion, and the absence of clinical PVCs in the 24-
hour post-ablation period.

Coronary Angiography

Coronary angiography was performed using the Judkins tech-
nique via the femoral approach. Coronary arteries were visual-
ized by injecting contrast medium in the right and left oblique
positions at the cranial and caudal angles. Patients were grouped
into three groups according to the coronary lesion presence and
severity. These included normal coronary arteries (no visible ath-
erosclerotic plaque), non-critical stenotic lesions (atherosclerotic
plaque with <50% stenosis), and critical stenosis (atherosclerotic
plaque with >50% stenosis).

Follow-up

Patients with normal coronary arteries were discharged and pre-
scribed aspirin for a month. Patients with non-critical lesions were
discharged with aspirin and statin therapy if their LDL-cholester-
ol levels were above recommended values. Patients with critical
coronary artery stenosis were referred to the interventional car-
diology team for optimal medical therapy, percutaneous coro-
nary intervention, or coronary artery by-pass grafting. Patients
were scheduled for outpatient clinic visits at 1, 3, and 6 months
and yearly visits thereafter; wherein; resting 12-lead ECG, trans-
thoracic echocardiography, and 24-hr Holter monitorization were
performed. The PVC recurrence was defined as the detection of
>5000 PVCs/day on 24-hr Holter monitorization on follow-up that
had the same morphology as the previously ablated PVCs.

Statistical Analysis
Continuous variables were expressed as a mean with standard
deviation or median with interquartile range (IQR). Categorical
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Table 1. Baseline characteristics of the study population

Male gender 68 (58.6%)

Age, years 55 (14)
Comorbidities

- Coronary artery disease 17 (14.6%)
- Diabetes mellitus 17 (14.7%)
- Hypertension 45 (38.8%)
- HFrEF 17 (14.6%)

- Chronic kidney disease 7 (6.0%)

Smoking 34 (29.3%)
Medications
ACE inhibitor 20 (17.2%)

Anigotensin receptor blocker 28 (24.1%)

Beta-blocker 71 (61.2%)

Calcium channel blocker 6 (5.2%)

Statin 20 (17.2%)

Duration between symptom onset and 6 (3-19.5)

ablation, months
Duration of follow-up, months 16.23 (8.75-26.00)
Recurrence during follow-up 11 (9.5%)

Re-do catheter ablation 9 (7.7%)
Recurrence free survival, months 15.43 (7.86-25.31)
LV end-diastolic diameter, mm 51.49 = 7.14
LVEF, % 60 (50-62)

Mitral regurgitation

-Mild 70 (60.3%)
-Moderate 37 (31.9%)
-Severe 4 (3.4%)

BNP, pg/mL 83.20 (28-176.75)

variables were expressed as a number (percentage). Independent
groups were compared with chi-square, independent samples
t-test, or one-way ANOVA as appropriate. The Cox proportion-
al hazards model was performed to identify predictive factors
for PVC recurrence. Predictors of PVC recurrence with p<0.2 in
univariate analyses were further included as covariates in the
multivariate model. Recurrence-free survival was performed us-
ing Kaplan-Meier curves and log-rank tests. Statistical analyses
were performed using the SPSS statistical software (version 20;
IBM SPSS Corp.; Armonk, NY, USA). All tests of significance were
two-sided and p<0.05 was considered as statistically significant.

TSH, mlU / L 1.4 (0.8-2.4)
Hb, gr/dL 13.92 + 1.45
Serum creatinine, mg/dL 0.8 (0.6-0.9)

Localization of VPBs

- RVOT 25 (21.6%)

- LVOT 51 (44.0%)

- LV body 31 (26.7%)

- RV body 9 (7.8%)
PVCs frequency

Moderate (5000-10 000 per day) 78 (67.2%)

Frequent (=10 000 per day) 38 (32.8%)

Coronary artery stenosis severity

- Normal 57 (49.1%)

- Non-critical 40 (34.5%)

- Ciritical 19 (16.4%)
Involved coronary segments 1(4)

Coronary artery with severe stenosis

- LAD 8 (6.8%)
- Cx 6 (5.1%)
- RCA 6 (5.1%)
Number of coronary artery with any
plaque
- One vessel 5 (4.3%)
- Two vessels 11 (9.4%)

- Three vessels 43 (37.0%)

ACE: Angiotensin converting enzyme; BNP: brain natriuretic peptide; Cx:
circumflex artery; Hb: hemoglobin; HFrEF: heart failure with reduced ejec-
tion fraction; LAD: left anterior descending artery; LV: left ventricle; LVEF:
left ventricular ejection fraction; LVOT: left ventricular outflow tract; PVC:
premature ventricular complex; RCA: right coronary artery; RV: right ventri-
cle; RVOT: right ventricular outflow tract; TSH: thyroid stimulating hormone

RESULTS

A total of 116 patients (median age, 55; sex, 58.6% men) were
included in the final analysis. Hypertension was present in 45
(38.8%), diabetes in 17 (14.7%), and CKD in 7 (6.0%) patients. The
median duration between the onset of PVC-related symptoms
and catheter ablation was 6 (3-19.5) months and the median
follow-up after catheter ablation was 16.23 (8.75-26.00) months.
Baseline characteristics including demographic, comorbidities,
medications, echocardiographic, and laboratory parameters
are represented in Table 1. Most of the PVCs originated from
LVOT (44.0%); while, other sites had a lower frequency in this
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Table 2. PVC localization and coronary artery disease

LVOT LV body RVOT RV body p

Coronary artery stenosis severity

-Normal 30 (58.8%) 8 (25.8%) 14 (56%) 5 (55.6%) 0.019*

-Non-—critical 11 (21.6%) 16 (51.6%) 10(40%) 3 (33.3%)

—Critical 10 (19.6%) 7 (22.6%) 1 (4%) 1(11.1%)
Number of involved segments 0(0-7) 4 (0-8) 0 (0-6) 0 (0-5) 0.027*
Number of involved vessel 0 (0-3) 3 (0-3) 0 (0-3) 0 (0-3) 0.062
PVC: premature ventricular complex
Table 3. PVC frequency and coronary artery disease

Moderate-frequent Very frequent p

Lesion severity;
-Normal coronary arteries
-Non-critical stenosis
—Critical stenosis

Number of involved segments

Number of involved vessel

44 (56.4%)
23 (29.5%)

0 (0-8)
0 (0-3)

13 (34.2%) 0.080

17 (44.7%)

11 (14.1%) 8 (21.1%)
3 (0-7) 0.049*
2 (0-3) 0.041*

PVC: premature ventricular complex

study group (LV-body, 26.7%; RVOT, 21.6%; and RV-body, 7.8%).
Thirty-eight (32.8%) patients had frequent PVCs, while others
showed moderate PVCs.

Severe coronary artery stenosis was detected in 19 (16.4%)
patients. Distribution of the severe coronary artery stenotic le-
sions was as follows: eight (6.8%) lesions were located in LAD,
six (5.1%) in the circumflex artery, and six (5.1%) in the right cor-
onary artery. The median number of coronary artery segments
with atherosclerotic plaques was 1 (0-4). Atherosclerosis severi-
ty, localization, and burden are also shown in Table 1.

The presence and severity of coronary artery lesions were also
assessed with respect to PVC localization, and are represented in
Table 2. Most of the patients with LV-body originated PVCs had
coronary artery stenosis (non-critical, 51.6% and critical, 22.6%),
while most of the patients with LVOT, RVOT, and RV-body relat-
ed PVCs had normal coronary arteries (58.8%, 56%, and 55.6%,
respectively, p=0.019). Number of involved coronary artery seg-
ments was significantly higher in patients with LV-body origi-
nated PVCs (median, 4; range, 0-8) than in patients with PVCs
originating from LVOT (median, 0; range, 0-7), RVOT (median,
0; range, 0-6), and RV-body (median, 0; range, 0-5) (p=0.027).
Number of involved coronary vessels was higher in patients with
LV-body originated PVCs (median, 3; range, 0-3) than in patients
with PVCs originating from LVOT (median, O; range, 0-3), RVOT
(median, 0; range, 0-3), and RV-body (median, 0; range, 0-3);
however, the difference was not statistically significant (p=0.062)

(Table 2). Critical coronary artery stenosis was seenin 11 (14.1%)
and 8 (21.1%) patients with moderate and frequent PVCs, re-
spectively. PVC frequency and coronary artery lesion severity
were not significantly associated (p=0.080). The number of the
involved coronary artery segments and coronary artery vessels
were significantly higher in patients with frequent PVCs than in
patients with moderate PVCs (median 3 vs. 0; range 0-7 vs. 0-8;
p=0.049 and median 2 vs. 0; range 0-3 vs. 0-3; p=0.041, respec-
tively) (Table 3).

PVC recurrence occurred in 11 (9.5%) patients and nine of them
underwent repeat catheter ablation. Median recurrence-free
survival was 15.43 (7.86-25.31) months. No significant associ-
ation was found between PVC recurrence and PVC frequency
(p=0.748), PVC localization (p=0.188), coronary artery lesion se-
verity (p=0.080), number of involved coronary artery segments
(p=0.566), and number of involved coronary artery vessels
(p=0.729).

DISCUSSION

In this study, the relationship between PVC characteristics and
coronary atherosclerosis was evaluated in patients without SHD.
LVOT was the most common site of PVC origin. PVCs originating
from LV-body had higher coronary artery stenosis than in pa-
tients with other PVC localization. However, we did not find a sig-
nificant relationship between coronary artery lesion severity and
PVC frequency. Conversely, the burden of coronary atherosclero-
sis was higher in the frequent PVC group than in the moderate
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PVC group. There was no association of PVC recurrence with PVC
frequency, localization, and coronary arteriosclerotic lesion char-
acteristics.

PVCs can be seen in 40%-75% of healthy individuals on 24-48
hr Holter recordings (1). The association of PVCs with long-
term prognosis in patients without identifiable heart disease
has been variably reported. While, some studies have shown
that long-term risk is similar to that of healthy individuals (11,
12), according to another study PVCs and short-term NSVTs
may increase the risk in individuals older than 30 years (13). In
many studies, the frequency of PVCs was associated with LV
dysfunction and dilatation (14, 15). In patients with outflow
tract PVCs, catheter ablation is recommended in symptomatic
patients and/or in patients with a failure of antiarrhythmic drug
therapy (7). The ablation success rate is high in these patients
and this rate reached up to 95% in RVOT-originated PVCs (16,
17). The recurrence rate of 9.5% and median recurrence-free
survival of 15.43 (7.86-25.31) months in our study was in ac-
cordance with that in the literature. No association has been
reported between the PVC frequency and the success of the
ablation procedure (18). The same was observed in our study
by the absence of a relationship between PVC recurrence and
its frequency. Further, there was no significant association be-
tween PVC recurrence and coronary atherosclerotic lesion se-
verity and extent. This showed that CAD and its characteristics
in patients with a structurally normal heart did not affect the
long-term success of ablation.

Ventricular outflow tracts are the most common origin of idio-
pathic PVCs (19, 20). Furthermore, 70% of them are reported to
be of RVOT origin (21). In our study, most of the PVCs originated
from LVOT. This may be attributed to several factors, including
the inclusion of patients who underwent simultaneous coronary
angiography and the enrollment of patients older than 40 years.
Moreover, because of the proximity of the coronary artery osti-
um to the ablation areas in LVOT-originated PVCs, coronary im-
aging was almost always required to prevent possible injury to
the coronary arteries during ablation.

One of the main objectives of our study was to investigate the
relationship between PVC characteristics and CAD. Although,
the association between PVCs and CAD has always been a sub-
ject of concern, data regarding the appropriate selection of pa-
tients who may benefit from coronary angiography is limited.
In a previous study involving 343 patients with an intermedi-
ate-to-high probability of CAD who underwent single-photon
emission computed tomography and a stress test, it was found
that patients with stress-induced PVCs of right bundle-branch
block morphology had higher rates of known CAD, ischemia,
scar, and ST-segment changes (22). It was shown that exer-
cise-induced PVCs were associated with a higher risk of car-
diovascular mortality and all-cause mortality over long-term
follow-up (23). In patients without SHD, PVC ablation is mostly
performed in symptomatic patients refractory to medical ther-
apy, or in those with systolic left ventricular dysfunction. The
relationship between PVC characteristics and CAD in patients
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undergoing PVC ablation without SHD has not been assessed
previously. CAD characteristics were associated with PVC lo-
calization in our study. CAD was significantly more frequent
in patients with LV-body originated PVCs than in patients with
LVOT, RVOT, and RV-body originated PVCs. Further, the extent
of atherosclerosis was higher in patients with LV-body origi-
nated PVCs than at other sites. Consequently, those with LV-
body originated PVCs may require assessment for CAD during
the ablation procedure. Conversely, there was no relationship
between PVC frequency and coronary artery stenosis severity
in our study. Furthermore, the number of involved coronary
segments and coronary artery vessels were significantly higher
in patients with frequent PVCs than in patients with moderate
PVCs.Thus, our findings have important implications regarding
the relationship between PVC subtypes and CAD characteris-
tics in patients with a structurally normal heart.

There were some limitations in our study. Firstly, the study was of
a retrospective design with a small sample size. Secondly, it was
conducted in patients in whom PVC ablation was primarily tar-
geted. If ischemic symptoms were predominant, these patients
may not have been enrolled in the study, despite the presence
of PVCs. Thus, our findings cannot be generalized to the whole
population with PVCs. Large scale long-term prospective stud-
ies are needed to clarify the relationship between CAD and PVC
characteristics in such patient populations.

CONCLUSION

Our study showed that LV-body originated PVCs were associated
with the presence and severity of CAD in patients with a struc-
turally normal heart. There was no significant relationship be-
tween the frequency of PVC and coronary artery lesion severity.
Furthermore, it was shown that PVC frequency and localization,
and CAD characteristics were not predictors of PVC recurrence
after catheter ablation. In patients with LV-body originated PVCs,
a more detailed assessment of CAD during the ablation proce-
dure may be required.
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