Ventricular overdrive pacing during narrow QRS tachycardia. What are the circuits involved?
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A 57 year old lady with no underlying structural heart disease presented with recurrent episodes of paroxysmal palpitation with documented adenosine responsive narrow QRS tachycardia. 12 lead surface electrocardiograms showed no pre-excitation. She underwent an electrophysiology (EP) study. Anterograde study demonstrated dual AV physiology. A regular narrow QRS tachycardia similar to clinical tachycardia was induced in the EP study with atrial pacing protocols. Ventricular overdrive pacing (VOD) was performed during the tachycardia. What are the circuits involved in the tachycardia?

COMMENTARY
Surface electrocardiogram (I, aVF, V1, V6) and intracardiac electrograms (EGM) on the left side of the panel showed regular narrow QRS tachycardia with 1:1 AV relation, stable tachycardia cycle lengths, ventriculo atrial (VA) intervals, short VA interval and near simultaneous atrial (A) and ventricular (V) activation pattern. This type of activation pattern is consistent with slow fast AV nodal reentrant tachycardia (AVNRT) or atrial tachycardia (AT) with prolonged PR interval. 

VOD was performed during tachycardia (FIg: 1). The first two paced beats captured the ventricle but failed to entrain the tachycardia as the atrial cycle lengths remained unchanged. The atrial activation sequence also remained the same as that of tachycardia with ‘A’ on ‘V’ activation pattern. After the first two beats subsequent paced beats captured the ventricle with 1:1 VA activation (with atrial cycle length of 240 ms). Here the atrial activation became eccentric with coronary sinus distal (CS D) dipoles placed at the distal CS region showing the earliest A EGM (Fig:1 & 2). Subsequent to cessation of ventricular pacing there was V-A-H-V response (Fig: 2) and the tachycardia continued with similar cycle length and ‘A” on ‘V’ activation pattern as prior to VOD. V-A-H-V response was noted on cessation on pacing thereby excluding atrial tachycardia.  V-A-H-V response along with post-entrainment response of post pacing interval [PPI] minus tachycardia cycle length [TCL] of more than 115 ms and stimulus to atrial electrogram [S-A] minus ventricular electrogram to atrial electrogram [V-A] interval of more than 85 ms are consistent with AV nodal reentry.
Interesting to note is the eccentric atrial activation pattern during ventricular entrainment. The ventricular pacing has pulled the ventricular electrogram exposing the eccentric atrial activation pattern. Upon cessation of ventricular pacing the tachycardia continued with ‘A’ on ‘V’ activation pattern. 
Jackman et al1 has reported five types of atrio-nodal connections or AV nodal pathways including fast AV nodal pathway, slow AV nodal pathway as rightward inferior extension of the AV node, slow AV nodal pathway as leftward inferior extension of the AV node, infero-lateral left atrial slow pathway and anterior-superior slow pathway. Reentry between any of the two atrio-nodal connections can be manifested as AVNRT. The eccentric atrial activation pattern, as in the index case of AVNRT suggests retrograde conduction via the infero-lateral left atrial slow pathway. The anterograde slow pathway conduction was confirmed to be occurring via the rightward inferior extension of the AV node as radiofrequency ablation in the inferior aspect of the Triangle of Koch resulted in slow and sustained junctional rhythm followed by non-inducibility of AVNRT. 
This represents a rare case of slow-slow AVNRT with rightward inferior extension of the AV node as the anterograde limb and infero-lateral left atrial slow pathway as the retrograde limb. 
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FIGURE LEGENDS
Figure 1 represents surface electrocardiogram (I,aVF,V1,V6) and intracardiac electrograms right atrial appendage (HRAD), His bundle region (HBED), coronary sinus proximal (CS P) dipole placed at CS proximal region, CS 7,8, CS 5,6, CS 3,4, CS distal (D) and right ventricle apex (RVA) during the tachycardia, ventricular overdrive pacing (VOD) and response upon cessation of VOD.

Figure 2 represents surface electrocardiogram (I,aVF,V1,V6) and intracardiac electrograms right atrial appendage (HRAD), His bundle region (HBED), coronary sinus proximal (CS P) dipole response upon cessation of VOD.

