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Introduction

• Premature  ventricular contractions (PVCs) are known to originate from 

Aortic sinus of Valsalva and typically are described as originating from the 

individual right coronary cusp (RCC) or left coronary cusp (LCC) 

sinuses

• Previous studies described the general ECG morphologic characteristics 

of Aortic cusp PVCs with early QRS transition and, did originate from 

the base of Aortic cusps and RCC/LCC commissure. 

Heart Rhythm 2010;7:312–322.

Circ Arrhythm Electrophysiol. 2014;7:445-455.

Journal of Interventional Cardiac Electrophysiology (2020) 59:145–298.



Basic anatomical considerations

• Using an attitudinal orientation is particularly relevant both to 

interpretation of site of origin and to the ECG pattern of OT PVC.

• When viewing the heart from its correct anatomical position, it can be divided 

into 3 mutually perpendicular, symmetrical planes:

(1) “transverse” - superior/inferior

(2) “coronal” - front/back

(3) “sagittal” - left/right. 



Gross Valvular Relationships

• As normally positioned in chest, right ventricular OT is located anterior and 

leftward relative to aortic root.

• Pulmonic valve is positioned approximately 1–2 cm superior to and offset 90◦
from aortic valve in horizontal plane.

• From tricuspid valve, RVOT projects in a superior, anterior, and leftward 

direction.

• The mitral annulus is inferior, posterior, and leftward relative to aortic root
Circ Arrhythm Electrophysiol. 2019;12:e007392. 



Gross Valvular Relationships

• From attitudinal perspective, NCC is posterior and rightward and LCC is 

posterior and leftward. RCC is the most anterior and inferior cusp

relative to the sternum.

• AV plane tilts rightward in the horizontal plane,reported between 30–45◦.



Microscopic Considerations

• NCC is continuous anteriorly with the membranous ventricular septum 

and posteriorly with central fibrous body; 

→ both atrial and His bundle electrograms are routinely recorded from

NCC & RCC junction.

• Posterior aspect of LCC is contiguous with left fibrous trigone, which 

attaches to lateral aspect of the anterior mitral leaflet. 

• Entire RCC and anterior half of LCC are in contact with ventricular 

myocardium of LV ostium.

• Thus, PVCs are targeted within aortic root primarily from right and 

(anterior aspect of) left cusps.



Precordial Transition

• V1 is a unipolar lead at anterior chest wall, structures 

closer to chest will produce LBBB pattern; more posterior 

structures have RBBB pattern.

• Due to its anterior location, PVCs originating from RVOT 

have LBBB pattern with rare exceptions. Likewise anterior 

structures in LVOT (e.g., RCC) typically have LBBB

pattern. 

• As site of PVC origin shifts progressively more posterior

from RCC (i.e., R/L junction, LCC, AMC), lateral mitral 

annulus, LV summit, AIV/GCV) V1 configuration 

transforms from an LBBB to RBBB pattern 

ECG Patterns of OT PVC

• When determining ECG site of origin, it is important to analyze the

precordial transition and frontal plane QRS axis of spontaneous PVC



Precordial Transition

• RCC is directly posterior to mid septal RVOT, morphologies of PVCs 

originating from these sites may appear quite similar

• In general, RCC PVCs have a precordial transition at V2 or V3, while 

those ablated from LCC commonly have significant R wave in V1 

(resulting from LCC’s more posterior location relative to RCC).

• LCC PVCs may also have multiphasic appearance in V1 (previously 

described as “m” or “w” pattern).

• R/L commissure is common source of idiopathic PVCs .

• PVCs successfully eliminated from R/L commissure (based upon 

imaging confirmation with ICE and/or CT) commonly demonstrate QS 

complex with notching of the downstroke in lead V1, and a precordial 

transition at lead V3

Heart Rhythm 2010;7:312–322.



• The most notable characteristic about 

these pacemapped beats was multiphasic 

nature of V1.

→ Perhaps it represents a more complex wave-

front or spread of activation between the     

ventricles. 

• LCC is closer to main muscle of the LV

→ significantly shorter QRS durations pacing 

from LCC compared to RCC. 

Heart Rhythm 2008;5:663-669.



Conclusion

• RCC–LCC aortic cusp ventricular 

arrhythmias are common and 

have a QS morphology in lead 

V1 with notching on the 

downward deflection with 

precordial transition at lead V3. 

• In majority of cases, site of 

successful ablation has late 

potentials in sinus rhythm

(black arrow)

Heart Rhythm 2010;7:312–322.



Frontal & Vertical Plane QRS Axis
• When describing frontal plane QRS axis, it is important to consider both 

horizontal and vertical dimensions. 

• Horizontal dimension is most reflected by bipolar limb lead I. 

• Structures closer to left axilla will produce  deeply negative complex in 

lead I (rightward axis); conversely structures closer to right axilla are 

strongly positive in lead I (leftward axis) 

• Vertical dimension is reflected by QRS 

axis in leads II, III, and aVF.

• Mean QRS axis for OT PVCs is always 

inferiorly directed, though magnitude 

of the vector diminishes toward inferior 

regions of OT. 

J Cardiovasc Electrophysiol. 2013 Oct;24(10):1189-97.



Frontal Plane QRS Axis

• LCC abuts LV ostium laterally and 

posteriorly, relative to RCC. 

• when compared to RCC, PVCs originating 

adjacent to LCC are less positive (and 

often negative) in lead I, and have greater 

R wave amplitude in lead III compared to 

lead II. 

• Due to rightward tilting of AV from 

horizontal plane, LCC is positioned more 

cranial or superior relative to RCC

J Cardiovasc Electrophysiol. 2013 Oct;24(10):1189-97.



• MDI values exceeding 0.55 are considered suggestive of 

epicardial VT/PVC sites. 

• It should be cautioned, however, that endocardial sites 

may have similarly large MDIs under certain 

circumstances due to delayed initial conduction, such as 

VT foci distant from His-Purkinje system (i.e. lateral left 

ventricle). 

• PVCs originating in aortic cusps can also be 

characterized by large MDIs, occasionally resembling 

characteristics of epicardial sites. 

• In conclusion, PVC origin in aortic cusps should be 

considered along with epicardium when MDI is in vicinity 

of 0.55, especially in the absence of a pseudo-delta wave

IJC Heart & Vasculature 7 (2015) 6–8.

Circ Arrhythm Electrophysiol 2010;3:63–71.

* MDI; maximal deflection index 



Mapping the arrhythmia

** Routine mapping procedure

• Integration of 3D mapping with/without 

phased-array ICE can greatly demystify 

complex OT relationships. 

• By sweeping ICE probe through adjacent 

imaging planes,  3D surface can be rapidly 

constructed from 2D contours. 

• Important structures such as LM coronary 

ostium can be tagged and projected into the 

3D map especially in cases with PVCs 

ablated from the LCC.

J Cardiovasc Electrophysiol, Vol. 24, 1189-1197.

Rev Cardiovasc Med. 2022 Mar 16;23(3):10.



• Imaging techniques are used to localize 

important anatomic structures and ablation 

catheter at aortic cusps including biplane 

fluoroscopy, aortography, CAG, ICE, CT, and 

3D electroanatomic mapping (EAM) systems

Conclusions 

• Catheter ablation of PVC originating from  

aortic cusps is safe and effective. 

• CT image integration into electroanatomic 

mapping system can be helpful in this 

challenging ablation.

J Interv Card Electrophysiol (2016) 45:57–62.



Role of intracardiac echocardiography

(ICE)

• ICE has emerged as effective tool in PVC ablation, 

: clearly help in identification of Aorta, coronary ostia and proximity 

to LM artery, especially in cases with PVCs from LCC. 

→ Real time visualization of ablation catheter stability in Aorta, 

limiting complications and radiation exposure.

• Furthermore, steam pops, thrombus formation and pericardial 

effusion can be immediately identified during procedure, while 

ensuring perpendicular catheter-tissue orientation, for optimal 

ablation results 

Rev Cardiovasc Med. 2022 Mar 16;23(3):10. 

Circulation: Arrhythmia and Electrophysiology. 2008; 1: 110–119.



Mapping the arrhythmia

• For patients with frequent spontaneous ectopy, usually prefer activation 

mapping to identify site with earliest presystolic activity from Aortic cusp

• Routinely record continuous ECG data in EP lab during patient 

preparation and set-up

→ provides pace-mapping template of patient’s spontaneous PVCs in 

the event of its suppression during the procedure

• Pace-mapping can be extremely useful in patients with infrequent 

spontaneous ectopy, particularly in RVOT!!!.

• Given the frequent lack of ventricular myocardium within recesses of 

Aortic leaflets, pace-mapping in aortic root may fail to replicate  

morphology of PVCs originating from adjacent LV ostium.

J Cardiovasc Electrophysiol. 2013 Oct;24(10):1189-97.



Mapping the arrhythmia

• with early presystolic activation from 

RVOT, but in whom pace-mapping fails to 

replicate the 12-lead ECG morphology of 

spontaneous PVCs (or produces a long 

stimulus-QRS for pace-map), typically 

perform activation mapping of RCC 

prior to energy application. 

• Presence of isolated or late sharp 

components of bipolar electrogram that 

reverse and become presystolic during 

spontaneous PVCs have been described 

within Aortic root, and often represent 

sites of successful PVC elimination.

J Cardiovasc Electrophysiol, Vol. 24, 1189-1197.



Mapping the arrhythmia

• Rightward tilting of aortic root causes LCC to be situated higher than 

RCC, so entering LCC often requires moderate upward deflection and 

leftward displacement of mapping catheter. 

• Aortic commissures are situated approximately 1cm above cusp nadirs, 

so when mapping these structures catheter tip will also be positioned 

higher than when in adjacent cusps.

• Catheter mapping of aortic root requires modest learning curve. 

:It is helpful to maintain a mental 3-dimensional representation of 

anatomical relationships of cusps while mapping.

J Cardiovasc Electrophysiol. 2013 Oct;24(10):1189-97.



• Background: ECG 

features for predicting 

successful ablation sites 

of outflow tract PVCs have 

been previously 

presented, but effective 

predictors of RCC remain 

elusive.

• Conclusions: The 

presence of dominant 

positive lead I, RWDI 

>43.6% and S-wave 

amplitude in aVL <0.95 

mV predicted RCC PVCs 

with sensitivity of 83% and 

specificity of 94%

Int J Cardiol. 2016 Dec 1;224:199-205..



Conclusion

RCC is usually located opposite the septal RVOT. A predominantly positive 

QRS in lead I, longer R-wave duration and RWDI in lead V1 or V2 with local 

ventricular activation preceding QRS onset by average of -31 ms suggests 

effective RCC ablation site 

Medicine (Baltimore). 2020 Mar;99(11):e19398.



Ablation Strategy

• Due to frequent occurrence of high tip temperatures limiting power 

delivery, typically use irrigated catheters ablating within Aortic root or 

coronary veins. 

• There is no accepted standard for power delivery or titration within 

Aortic root or coronary veins; typically start with 20 W and titrate to 40 

W for 60–120 seconds.

• Impedance changes during ablation are somewhat inconsistent, and can 

often be dramatic when ablating within coronary veins. 

• Previous study reported that when early suppression of PVC is noted at 

the onset of ablation there is very low incidence of either acute or 

chronic recurrence. 

Heart Rhythm 2010;7:312–322.



Ablation Strategy

• Late suppression during RF is more commonly seen with ablation of LV 

ostial and LV summit PVCs, and signifies a site of origin remote from 

the site of ablation (most commonly seen with intramural foci). 

• If PVC recurs after transient suppression from ablation, it is important 

to reexamine its 12-lead ECG morphology to confirm that it is 

unchanged. 

J Cardiovasc Electrophysiol. 2013 Oct;24(10):1189-97.



Conclusion

• Ablation of intramural 

PVCs is challenging; 

acute arrhythmia 

elimination is achieved 

in 3/4 patients, and 

non-conventional 

approaches are often 

necessary for success

Europace. 2023 May 19;25(5):euad100.



Ablation Strategy

• Failure to durably suppress PVC targeted within first site should 

prompt the operator to explore another site.

→ important to reconfirm site of origin; this may necessitate mapping   

adjacent structure. 

• Routinely challenge the patient with beta agonists (e.g., isoproterenol) 

after successful PVC suppression can be helpful, and recommend  

standard waiting period of 60 minutes after ablation

J Cardiovasc Electrophysiol. 2013 Oct;24(10):1189-97.



• Previous study reported that bipolar ablation lesions are larger than 

unipolar lesions. In this study, bipolar RFA delivery was attempted to 

eliminate outflow tract PVCs after standard unipolar ablation failed

• This approach may improve outcomes in patients where the use of 

standard unipolar RF energy is unsuccessful despite careful identification 

of the target site

J Cardiovasc Electrophysiol, 2014;1093-1099.



Conclusions

• Aortic root ventricular arrhythmia 

RF ablation carries an increased 

risk for collateral damages. 

• Cautious cryoablation near the 

ostia of the left main coronary 

artery can be performed and is a 

safe, effective alternative energy 

source for ablation at the aortic root

Heart Rhythm 2014;11:34–38.



• PVCs originating from the 

anterosuperior LVOT

represent a challenging 

location for catheter 

ablation.

Conclusions

• Anterosuperior LVOT can be 

reached via a trans-septal 

approach with a reversed S 

curve of the ablation catheter. 

Circ Arrhythm Electrophysiol. 2014;7:445-455.

RCCRCC

LCC LCC



Conclusion

• Our findings suggest additional mapping should be performed 

before ablation at sites of local bipolar activation <15 ms pre‐QRS.
J Cardiovasc Electrophysiol. 2021 Aug;32(8):2254-2261.



Summary 

• Aortic cusps are common sites of origin for idiopathic PVCs, an

d their complex topography creates unique challenges for cathe

ter mapping and ablation.

• However, the interpretation of the 12-lead ECG morphology of

spontaneous PVCs using attitudinal anatomical relationships

can provide valuable clues to the anticipated site of PVC origin,

and thereby inform the most appropriate ablation strategy
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