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Abstract
Introduction
Ventricular tachycardias although they may be irregular at the onset, after several seconds they organize into a stable cycle length.  
Methods/Results
We report a rare case of an “irregular ventricular tachycardia” in which the oscillations in cycle length were so pronounced that it was initially misdiagnosed as atrial fibrillation with aberrant conduction. The initial pharmacological management and detained electrophysiological study are presented. 
Conclusion
An unusual irregular ventricular tachycardia can originate from the moderator band and result in a tachycardia induced cardiomyopathy 
FERENCES
1 CASE REPORT
A 40-year-old female with no significant past medical history except for depression controlled on Sertraline 100 mg daily, presented to the emergency department with a 24-hour history of rapid palpitations and shortness of breath. Initial physical exam showed a patient in mild respiratory distress with a heart rate of 146 bpm, blood pressure of 119/71 mmHg, and respiratory rate of 20.  There was no JVD, clear lung fields and irregular heart sounds without murmurs.   Chest x-ray and routine blood work, including troponins, were unremarkable. Initial electrocardiogram showed an irregular wide-complex tachycardia at a rate of 174 bpm with a left bundle branch block and superior axis morphology with QRS complexes negative from V1-V6 (Figure 1) with occasional antegradely conducted narrow complex beats (arrows). This rhythm was initially erroneously interpreted as rapid atrial fibrillation with aberrant interventricular conduction.  Her arrythmia was unresponsive to intravenous metoprolol (3 doses of 5 mg) and intravenous verapamil (2.5 mg). However, careful review of the electrocardiogram and rhythm strip (Figure 2) demonstrated an irregular monomorphic ventricular tachycardia with intermittent retrograde p waves (wide arrows) that occasionally conducted anterogradely (narrow arrow).  The morphology of the QRS complexes during ventricular tachycardia were consistent with an apical and inferior origin in the right ventricle.
Transthoracic echocardiogram showed a reduced left ventricular ejection fraction of 35% associated with septal dyssynchrony consistent with the “left bundle morphology” of the ventricular tachycardia.  Coronary angiography was performed and showed no evidence of obstructive coronary artery disease.  Based on the reduced ejection fraction, oral Dofetilide 500 mg every12 hours and a single dose of oral Mexilitine 300 mg were given but failed to control her arrhythmia. Since the patient remained unresponsive to pharmacological therapy and experienced intermittent episodes of hypotension associated with rapid ventricular rates, she was taken to the electrophysiology laboratory.  

2 EP STUDY RESULTS
Light sedation was provided with intravenous midazolam and fentanyl.  Non-invasive continuous monitoring of the blood pressure was obtained with Finapres.  Multipolar electrode catheters were percutaneously introduced through the femoral veins under ultrasound guidance and advanced to the coronary sinus, right atrial appendage, His bundle region and right ventricle.  An 8 French intracardiac ultrasound catheter (AcuNav, Siemens, Sequoia) was percutaneously advanced through the left femoral vein into the right atrium and right ventricle to visualize the location of the catheters in relation to anatomical structures.  This showed a hypo contractile left ventricle and no pericardial effusion.  Anatomical landmarks in the right ventricle (tricuspid annulus, His bundle, anterior papillary muscle, RV outflow tract) were manually drawn and used to obtain a 3-D reconstruction of the right ventricle (CartoSound, Biosense Webster). To map the right ventricle, a high-density multipolar catheter (PentaRay) was introduced via a preformed #8.5 F sheath (Agilis).  Ventricular activation was analyzed with the Bard recording system (Boston Scientific) along with a magnetic non-fluoroscopic 3-D mapping system (Carto-3, Biosense Webster).  Earliest ventricular activation occurred near the apex of the right ventricle (Figure 3) at the junction of the moderator band with the anterior papillary muscle.  At that site local activation preceded the onset of the QRS by 30 ms (Figure 4). 
3 ABLATION
Once the site of earliest ventricular activation was identified, a mapping/ablation deflectable externally irrigated catheter with contact force capability (Thermocool SmartTouch, SF, Biosense Webster) was advanced via the preformed sheath to the earliest ventricular activation site guided by the 3-D map reconstruction and intracardiac echocardiography.  Three radiofrequency current applications were delivered at this site (10-30 watts).  The third applications resulted in termination of the tachycardia (Figure 5). A ventricular tachycardia could not be re-induced even during or after administration of dopamine 5-10 micrograms per kilogram per minute.  The patient was discharged the following day with full resolution of her palpitations and no reoccurrence of tachycardia. She was initiated on metoprolol 25 mg once daily. 3 months following discharge, a repeat transthoracic echocardiogram demonstrated a normal ejection fraction of 60% and full resolution of her cardiomyopathy.  After 1 year of follow up, she has remained free of arrhythmias.

4 DISCUSSION
This case illustrates the rate presentation of a monomorphic ventricular tachycardia with marked oscillations in cycle lengths masquerading as atrial fibrillation with aberrant intraventricular conduction.  This irregular tachycardia, resulted in a tachycardia induced cardiomyopathy1.  This tachycardia had a focal origin in the moderator band close to its insertion into the anterior papillary muscle of the right ventricle. Delivery of radiofrequency current at the earliest site guided by 3-D high density mapping and intracardiac echocardiography terminated the tachycardia during the procedure.  The clinical condition of the patient rapidly improved and his LV function normalized as assessed by a transthoracic echocardiogram performed 3 months after the procedure, confirming the diagnosis of tachycardia induced cardiomyopathy.  
An irregular ventricular tachycardia is an unusual finding that can be erroneously interpreted as an atrial fibrillation with aberrant intraventricular conduction or as atrial fibrillation with atrio-ventricular conduction over an accessory pathway.  We are aware of only one previous reported case of an irregular, although slow, ventricular tachycardia originating from the mitral annulus2.  Most ventricular tachycardias are due to reentry and therefore tend to have a stable circuit leading to a steady cycle length. Minor oscillations have been described but are consistent oscillation between longer and shorter cycle lengths, probably due to alternating activation of two reentrant circuits3.   A focal source with a completely irregular cycle lengths is not consistent with reentry which tends to stabilize following a consistent reentrant pathway due to anatomical and functional obstacles4. An irregular tachycardia can be explained by triggered activity secondary to calcium overload when some but not all oscillatory potentials reach the threshold to initiate another action potential 5.  An alternative explanation is of course a focal source with variable exit block. The moderator band and the anterior papillary muscle of the right ventricle are recognized as a source of ventricular premature beats, short-coupled torsade de pointes, polymorphic ventricular tachycardia, and ventricular fibrillation6.  However, to the best of our knowledge, this is the first case of an irregular monomorphic ventricular tachycardia originating from these structures, resulting in a tachycardia induced cardiomyopathy. 


5. FIGURE LEGENDS
Figure 1. Twelve lead electrocardiogram showing an irregular ventricular tachycardia with a left bundle branch morphology and superior axis. QRS complexes are negative V1-V6 (negative concordance). There is an accessional narrow complex QRS (arrow) consistent with sinus or atrial capture. 
Figure 2. Panels A and B. Rhythm strip showing leads II and V1 simultaneously. A completely irregular monomorphic ventricular tachycardia is observed with occasional retrograde V-A conduction (dotted arrows).  The last retrogradely conducted P wave in panel A is followed by antegrade conduction resulting in a narrow QRS (solid arrow).  Marked oscillations in cycle length are observed (range 240-630 ms with interquartile range (IQR) of 140 ms.
Figure 3. Panel A. Endocardial mapping with a high density multielectrode catheter (PentaRay) displays simultaneous electrograms at and near the earliest activation site during ventricular tachycardia. Panels B and C. Left anterior oblique (LAO) view and left lateral (LL) view of the anatomical reconstruction of the right ventricle showing a focal source with earliest activation (arrows) close to the ventricular apex. 
Figure 4. Surface leads I, II, and V1 are simultaneously displayed with bipolar and unipolar electrograms recorded from the mapping/ablation catheter, and coronary sinus electrograms. Earliest bipolar and unipolar electrograms are recorded simultaneously and precede the onset of the QRS by 30 ms. RAA: right atrial appendage, MAPp: electrogram from proximal pairs of electrodes, MAPd: electrogram from distal pairs of electrodes, UNId: unipolar electrogram from distal electrode, UNIp: unipolar electrogram from proximal electrode
Figure 5. Twelve lead electrocardiogram showing termination of the ventricular tachycardia during radiofrequency energy delivery 
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