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Objectives The objective of this study was to determine whether premature ventricular contractions (PVCs) arising from the
aortic sinuses of Valsalva (SOV) and great cardiac vein (GCV) have coupling interval (CI) characteristics that
differentiate them from other ectopic foci.

Background PVCs occur at relatively fixed CI from the preceding normal QRS complex in most patients. However, we observed
patients with PVCs originating in unusual areas (SOV and GCV) in whom the PVC CI was highly variable. We
hypothesized that PVCs from these areas occur seemingly randomly because of the lack of electrotonic effects of
the surrounding myocardium.

Methods Seventy-three consecutive patients referred for PVC ablation were assessed. Twelve consecutive PVC CIs were
recorded. The DCI (maximum � minimum CI) was measured.

Results We studied 73 patients (age 50 � 16 years, 47% male). The PVC origin was right ventricular (RV) in 29 (40%), left
ventricular (LV) in 17 (23%), SOV in 21 (29%), and GCV in 6 (8%). There was a significant difference between
the mean DCI of RV/LV PVCs compared with SOV/GCV PVCs (33 � 15 ms vs. 116 � 52 ms, p < 0.0001). A DCI of
>60 ms demonstrated a sensitivity of 89%, specificity of 100%, positive predictive value of 100%, and negative
predictive value of 94%. Cardiac events were more common in the SOV/GCV group versus the RV/LV group (7 of 27
[26%] vs. 2 of 46 [4%], p < 0.02).

Conclusions DCI is more pronounced in PVCs originating from the SOV or GCV. A DCI of 60 ms helps discriminate the origin of
PVCs before diagnostic electrophysiological study and may be associated with increased frequency of cardiac
events. (J Am Coll Cardiol 2014;63:2151–8) ª 2014 by the American College of Cardiology Foundation

Idiopathic premature ventricular complexes (PVCs) are
generally considered benign and are often treated conser-
vatively. However, sustained ventricular tachycardia (VT),
symptomatic PVCs resistant to medical therapy, and PVCs
thought to contribute to an underlying cardiomyopathy
are often treated with radiofrequency ablation (RFA).

Noninvasive mapping criteria based on 12-lead electrocar-
diogram (ECG) characteristics can help with procedural
planning and guide mapping if RFA is needed (1–13).
However, PVCs with a V3 precordial ECG transition are
difficult to localize and can be of right ventricular outflow
tract (RVOT) or left ventricular outflow tract origin (14).

The reportedly benign nature of outflow idiopathic PVCs
has been disputed by some (15). There is reasonable evi-
dence that a small proportion of these cases may be higher
risk for R-on-T phenomena and sudden cardiac death
(SCD). However, limited data exist to help the clinician risk
stratify on the basis of PVC characteristics.

PVCs occur at relatively fixed coupling intervals (CIs)
from the preceding normal QRS complex in most patients.
However, we observed some patients with PVCs originating
in unusual areas (aortic sinuses of Valsalva [SOV], great

From the *UCLA Cardiac Arrhythmia Center, David Geffen School of Medicine at

UCLA, Los Angeles, California; and the yKrannert Institute of Cardiology,

Department of Medicine, Indiana University School of Medicine, Indianapolis,

Indiana. Supported by the National Heart, Lung, and Blood Institute (R01HL084261

to Dr. Shivkumar). Dr. Miller has received fellow training grants from Medtronic,

Boston Scientific, and Biosense-Webster; speaking honoraria from Medtronic, Boston

Scientific, and Biosense-Webster, St. Jude Medical, and Biotronik; and is a scientific

advisor (without compensation) for Topera. All other authors have reported that they

have no relationships relevant to the contents of this paper to disclose.

Manuscript received October 7, 2013; revised manuscript received February 5,

2014, accepted February 17, 2014.

Journal of the American College of Cardiology Vol. 63, No. 20, 2014
� 2014 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc.2014.02.551

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacc.2014.02.551&domain=pdf
http://dx.doi.org/10.1016/j.jacc.2014.02.551


cardiac vein [GCV]) in whom
the PVC CI was highly vari-
able. We hypothesized that
PVCs from these areas could oc-
cur seemingly randomly because
of the lack of restraining elec-
trotonic coupling effects of the
surrounding myocardium. We
also hypothesized that this vari-
able CI characteristic might be a
valuable diagnostic tool as well
as provide further insights into
the functional behavior of these
PVCs and possible cardiac event
risk associated with a given PVC
origin.

Methods

Consecutive cases of idiopathic
PVCs that were mapped and
ablated were assessed. Only cases

with PVCs with a frequency of >10/min were studied.
However, the majority had a pattern of bigeminy or trige-
miny. Cases with rare PVCs or only nonsustained or sus-
tained VT were excluded, as were cases of fascicular PVC/
VT. Patients with cardiomyopathy were excluded if the
PVCs were thought to be secondary to the underlying car-
diomyopathy. Cases of cardiomyopathy thought secondary
to a high burden of PVCs were included as long as alter-
native etiologies of cardiomyopathy such as severe obstruc-
tive coronary artery or significant valvular disease were ruled
out. Approval for enrollment into the study was obtained
from the respective institutional review boards.

Antiarrhythmic medications were discontinued at least
48 h before the procedure as per protocol at the participating
institutions. Surface ECG leads from the diagnostic elec-
trophysiological study were analyzed using electronic calipers
at a 100 mm/s sweep speed. Only monomorphic PVCs were
studied. The first available period in the diagnostic study
during which 12 consecutive PVCs were available for anal-
ysis was assessed. The interval from the initial Q- or R-wave
of the preceding sinus beat to the beginning of the subse-
quent PVC beat was measured in milliseconds. The differ-
ence in milliseconds between the maximum and minimum
CI (DCI) was calculated. The first 12 consecutive PVCs
were chosen for analysis to limit the effect of procedural
sedation later in the study as well as to maximize the clinical
utility of any findings, which could potentially translate to
evaluation, not only from the diagnostic electrophysiological
study, but also from a 12-lead ECG or rhythm strip ob-
tained in a cardiology office or from an outpatient ambula-
tory ECG monitor.

A standard diagnostic electrophysiological study was
then performed using several percutaneously placed multi-
electrode catheters. If needed, isoproterenol infusion was

used to increase the frequency of PVCs. Mapping of the
PVC origin was performed targeting the earliest site of
activation compared with the onset of the surface PVC
QRS complex, after which RFA was attempted using
standard or irrigated radiofrequency energy after excluding
an unacceptable proximity to a major coronary artery (e.g.,
epicardial mapping at the left ventricular [LV] base). In
most cases, advanced mapping systems such as CARTO
version 3.0 (Biosense-Webster, Diamond Bar, California)
or NavX version 3.0 (St. Jude Medical, Minneapolis,
Minnesota) were used to facilitate mapping.

Continuous variables were expressed as mean � SD, and
comparison between 2 groups was analyzed using the Stu-
dent t test. Categorical variables were analyzed using the
Fisher exact test. Given the heterogeneity of variance in
DCI, Welch’s t test was used to compare groups. A receiver-
operating characteristic curve was constructed and Youden’s
Index applied to determine the optimal cutoff for DCI as a
diagnostic test.

Results

We studied 73 patients (age 50 � 16 years, 47% male)
(Table 1). The PVC origin was right ventricle (RV) in 29
(40%), LV in 17 (23%), SOV in 21 (29%), and GCV in 6
(8%). Of the RV PVCs, 22 (76%) were from the RVOT
with the remainder from the RV body (3 septal, 2 basal
inferior, and 2 inferoseptal). Of the LV PVCs, 2 were
from the aortomitral continuity, 5 from the anterior wall
(2 endocardial and 3 epicardial), 5 from the inferior wall, 3
from the lateral wall, and 1 from the septal wall. Of the
SOV PVCs, 1 (5%) originated from the right SOV, 16
(76%) originated from the left SOV, and 4 (19%) origi-
nated from the left and right junction. The index PVC was
successfully ablated in 68 of 73 (93%) of all cases and in 68
of 69 (99%) of cases in which ablation was attempted.
Ablation was deferred because of location near a coronary
artery in 4 of 73 (5%).

When baseline characteristics were compared on the basis
of the location of PVC origin, there was no difference in
age (47 � 18 years vs. 52 � 15 years, p ¼ 0.25), sex (56%
male vs. 41% male, p ¼ 0.46), baseline ejection fraction
(47 � 12% vs. 50 � 11%, p ¼ 0.31), or baseline PVC
burden on ambulatory ECG monitor (24.3 � 10.5% vs.
23.5 � 11.4%, p ¼ 0.83) in the SOV/GCV groups versus
the RV/LV group, respectively. There was no difference in
the proportion of patients taking beta-blockers (63% vs.
70%, p ¼ 0.61), calcium channel blockers (11% vs. 7%,
p ¼ 0.66), or standard antiarrhythmic medications (15%
vs. 26%, p ¼ 0.36) before the procedure.

Pre-procedure syncope, cardiac arrest, or documented
polymorphic VT were more common in the SOV/GCV
group versus the RV/LV group (7 of 27 [26%] vs. 2 of 46
[4%], p < 0.02). In the SOV/GCV group, there were 3
SCDs, 1 documented polymorphic VT, and 3 syncopal
episodes, whereas in the RV/LV group, there was 1 syncopal
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