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Abstract 

 

We describe the case of a 67-year-old woman with non-ischemic dilated 

cardiomyopathy who underwent successful radiofrequency catheter ablation for 

ventricular tachycardia (VT) originated from the isolated ventricular septal substrate. 

Pacemapping exhibited either left, identical to clinical VT, or right bundle branch 

block like wide QRS morphology. Time interval from the stimulus to QRS onset 

(St-QRS) was prolonged at the center of the substrate, while St-QRS at the border was 

shortened. Difference in the morphology of pacemapping was dependent on whether 

or not the pacing stimulus could propagate directly into the right ventricle due to the 

possible intramural conduction disturbance. 

 

 

Key Word: ventricular tachycardia, isolated septal substrate, non-ischemic dilated 
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Introduction 

 

The development in the substrate-based ablation strategy has lead to the improved 

success of the catheter ablation for ventricular tachycardia (VT) associated with the 

structural heart diseases, such as non-ischemic dilated cardiomyopathy (NIDCM).
1, 2

 

The major substrates for VT in patients with NIDCM have been reported to be the 

basal periannular region of the left ventricle (LV).
1-4

 On the other hand, isolated septal 

substrate is reported to be rare, and found in only 10% of these patients.
5
 In addition, 

the treatment of VT associated with the septal substrate is challenging because the scar 

area exists entirely intramural zone or there are multiple VT circuits.
5
 

In the present report, we describe a case of VT in a patient with NIDCM associated 

with the isolated septal substrate, in which unique conduction property was 

documented.  
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Case Report 

 

A 67-year-old woman was admitted to our hospital due to recurrent heart failure. 

She had been diagnosed as non-ischemic dilated cardiomyopathy (NIDCM) and 

cardiac resynchronization therapy with defibrillator (CRT-D) was performed in 

October 2010. Echocardiogram showed a markedly dilated left ventricle with reduced 

ejection function (23%) and moderate mitral regurgitation.  

Monitoring of electrocardiogram (ECG) showed incessant appearance of 

asymptomatic VT. Therefore, we considered that such recurrent VT was one of the 

causes of worsening heart failure. At first, continuous tranvenous infusion of 

amiodarone was administered to her, which decreased the frequency of VT. However, 

we could not eliminate it completely. Then, we performed catheter ablation for her.      

The 12-lead ECG during atrial pacing showed left bundle branch block 

(LBBB)-like wide QRS morphology with left axis deviation (Figure 1A). This QRS 

morphology was similar to that during spontaneous VT (Figure 1B), suggesting that 

the circuit of VT was present around the ventricular septum.  

After obtaining a written informed consent for her, an electrophysiological study 

was performed. A quadripolar catheter was positioned in the apical septum of the right 

ventricle. Using an electroanatomical mapping system (CARTO®, Biosense Webster, 

Diamond Bar, CA, USA), we created a substrate map of left ventricular (LV) 

endocardium during the biventricular pacing. The voltage map showed broad low 

voltage (< 1.5mV) area within the LV septum, while the intrinsic voltage amplitude 

was preserved in other regions (Figure 2A). Low voltage area within the LV septum 
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was 58.2 cm
2
 and occupied one-fourth of the LV endocardial surface area.  

The pacemapping at low voltage area exhibited two different QRS morphologies; 

one was identical to clinical VT (pace map 1 in Figure 2B) and the other was right 

bundle branch block (RBBB)-like wide QRS morphology with superior axis deviation 

(pace map 2 in Figure 2B). The pacing sites, where the QRS morphology identical to 

pace map 1 was obtained, were marked by yellow tags, and those identical to pace 

map 2 were marked by blue tags. Interestingly, the borderline of two pace maps was 

identified in the center of low voltage area, and subtle movement of the pacing 

catheter produced completely different QRS morphologies; that is pace map 1 and 

pace map 2 in Figure 2B.      

Time interval from the stimulus to the onset of the QRS (St-QRS (ms)) was 

prolonged at the the center of low voltage area (e.g., points B and C in Figures 2A 

and 2B). On the other hand, St-QRS at the border of the low voltage area was 

shortened (e.g., points A and D in Figures 2A and 2 B). The combined St-QRS map 

for both pace map1 and pace map 2 was given in Figure 2C. St-QRS ranged from 67 

to 179 ms with pace map 1 and from 60 to 189 ms with pace map 2, respectively.    

Radiofrequency catheter ablation (RFCA) was performed during biventricular 

pacing. Radiofrequency energy (35-40W, temperature limit 55ºC, NaviStar DS; 

Biosense-Webster, Diamond Bar, CA) was delivered at the sites with pace map 1 or 2 

within low voltage area. After RFCA of overall 43 times, VT, which had been induced 

easily by catheter stimulation or pacing, became no longer inducible. The patient was 

discharged with significant decrease in BNP from 1434 to 990 pg/dL after RFCA and 

has been free of recurrence of VT and heart failure for 12 months.   
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Discussion 

 

We reported a case of VT related to the isolated septal substrate with unique 

preferential conduction in NIDCM, which could be successfully eliminated by 

catheter ablation. NIDCM is known to have increased risk of VT, the substrate of 

monomorphic VT in NIDCM often exists in the deep endocardium
2
 or adjacent to a 

valve annulus on both the epicardium and endocardium.
1-4

 Haqqani et al reported that 

the isolated septal substrate in patients with NIDCM was rare and only 11.6% of these 

patients.
5
  

Although we tried to demonstrate the concealed entrainment at the initial 

strategy, the VT did not sustain long enough to perform such diagnostic maneuvers. 

For example, the pace stimulation at the critical sites could induce the VT, but it was 

terminated easily by the stimulation which precluded the analysis of post pacing 

interval. On the other hand, in ischemic VT, the endocardial low voltage area 

produced by previous myocardial infarction (i.e., scar) creates the substrate for reentry, 

and often presents channels of electrograms with a particular topography and 

propagation of activation 
6, 7

. In addition, the pace mapping QRS configuration 

identical to that of the VT was obtained in the low voltage area with St-QRS longer 

than 40 ms (Figure 2C), indicative of conduction delay in the reentry circuits 
7
. 

Therefore, we consider that the mechanism of this VT was reentry. 

 In this case, the pacing within the low voltage area exhibited two different 

QRS morphologies. One was LBBB-like wide QRS morphology with left axis 

deviation observed in the basal region of the low voltage area, named as pace map 1, 
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and the other was RBBB-like QRS morphology with superior axis deviation observed 

in the apical region, named as pace map 2. Interestingly, in the borderline of the two 

regions, slight change in the pacing sites made two complete different QRS 

morphologies (Figures 2A and 2B). In addition, when the pacing at point B in Figure 

2A exhibited the QRS morphology of pace map1, time interval from pacing 

stimulation to RV catheter (St-RV (ms)) was about 200 ms (Figure 3A left panel). On 

the other hand, when the pacing at point C in Figure 2A exhibited the QRS 

morphology of pace map 2, St-RV was significantly prolonged up to 300 ms (Figure 

3A right panel). The previous report by Auricchio et al showed the the trans-septal 

activation time among the patients with severe heart failure (EF < 35%) and CLBBB was 40 

ms in average and limited up to 100 ms 
8
. Therefore, we speculated that the pacing 

stimulation with pace map 1 could capture the intramural myocardium and propagate 

into RV through slow conduction area within the ventricular septum, whereas that 

with pace map 2 could not propagate through the ventricular septum. This is because 

there might be dense intramural septal scar at the mid and apical region, which 

prevented direct conduction from the pace map 2 sites to RV endocardium. We could 

not demonstrate the presence of alterations in intramural myocardial tissues such as 

fibrosis by using magnetic resonance imaging (MRI)
9
 because CRT-D was implanted 

in this patient. However, our consideration could be supported by the following two 

observations. First, the conduction was delayed in the mid and apical region of the LV 

endomyocardium during biventricular pacing. Figure 3B showed the time interval 

from the pacing spike delivered by the RV lead located at upper septum to the 

electrogram recorded from the ablation catheter located in the LV endocardium. Time 
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interval was significantly prolonged in the mid and apical region, indicating that the 

conduction from RV upper septum to those regions was severely disturbed. Second, 

the scar region was located in the mid region, where maximum stimulation with 10 V 

at pulse width of 1 ms could not activate myocardium. It was marked by the gray tag 

and observed around the mid region of low voltage area. It dose not only represent the 

severe conduction disturbance in the LV septal endocardium, but also might indicate 

trans-mural disturbance in the mid region.   

We demonstrated a case of cured VT in NIDCM with an unique preferential 

conduction property within the isolated septal substrate, which might be associated 

with intramural conduction disturbance.     
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Figure Legends 

 

Figure 1 

Twelve-lead electrocardiograms of atrial pacing (left panel) and spontaneously 

recorded ventricular tachycardia (VT) (right panel). 

 

Figure 2  

(A) Left ventricular (LV) endocardial voltage maps from right anterior oblique (RAO) 

view (left panel) and left anterior oblique (LAO) view (right panel). Broad low 

voltage area was seen in the ventricular septum. Yellow or blue tag indicates the point 

with pace map 1 or pace map 2 shown in Figure 2B, respectively. Red tag indicates 

the ablation point, and the gray tag indicates the scar point unexcitable by maximum 

stimulation of 10 V with the pulse width of 1ms. (B) The QRS morphologies of the 

clinical VT and the pace maps. Pace maps at the point A and B had the QRS 

morphologies similar to clinical VT (Pace map 1). Pace maps at the point B and C 

showed almost the same QRS morphology with RBBB and superior axis deviation 

(Pace map 2). Stimulus-QRS intervals (St-QRS) are shown between lead I and II of 

surface ECGs. Because of the sensing failure of biventricular pacemaker, there are 

ineffective pacing spikes in panels B,C and D. (C) Relationship between 

stimulus-QRS interval (St-QRS) and anatomy of LV. Color scale was constructed with 

St-QRS from all the points with either pace map 1 (yellow tag) or 2 (blue tag). White 

tags have only geometrical information, and do not affect the St-QRS interval map. 

The gray tag indicates the scar point. LAO, left anterior oblique; RAO, right anterior 
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oblique; AVA, aortic valve annulus; MVA, mitral valve annulus. 

 

Figure 3 

(A) Time interval from the pacing stimulation to electrogram recorded at the RV 

catheter (St-RV). Surface and intracardiac electrograms during pacemapping are 

shown. St-RV at the point B in Figure 2A, where pace map 1 was obtained, was much 

shorter than that at the point C in Figure 2A, where pace map 2 was obtained. (B) 

Time interval from RV stimulation spike to focal activation. Note that there are two 

pacing spikes due to biventricular pacing with V-V delay. The latter is a pacing spike 

from the RV lead. Left panel displays geometrical distribution of the time interval. 

The RV lead was located in the upper RV septum. The descriptions of the colored tags 

and the abbreviations are the same in Figure 2. Right panel shows the 

electrocardiograms and intracardiac electrograms at each point.  
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