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Abstract
A 24-year-old female underwent an electrophysiological study because of recurrent episodes of drug-refractory, paroxysmal supraventricular 

tachycardia. During adrenergic stress, a narrow QRS tachycardia with eccentric atrial activation was reproducibly inducible. The response to 

premature ventricular extrastimulation during tachycardia suggested the presence of a slowly conducting accessory pathway. However, a 

comprehensive appraisal of the electrophysiological study delineated the tachycardia substrate as an atypical atrioventricular nodal reentrant 

tachycardia in the presence of a bystander nodofascicular pathway. Careful analysing of the basal pacing manoeuvers during sinus rhythm 

(para-Hisian and differential ventricular pacing) was crucial to establish the correct diagnosis and to avoid unnecessary left-side access to 

ablate this tachycardia.
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Case Presentation
This case concerns a 24-year-old female with recurrent episodes of 

paroxysmal palpitations. Her physical exam, 12-lead electrocardiogram 

(ECG), 24-hour Holter monitoring and echocardiogram did not reveal 

any abnormality. In the last 2 years, she had several admissions to 

the emergency department where paroxysmal, adenosine responsive, 

supraventricular tachycardia was documented. Anti-arrhythmic drug 

therapy (beta-blocker, flecainide) was ineffective, and the patient was 

referred to our centre for electrophysiological evaluation. 

After obtaining informed consent, an electrophysiological study was 

performed under conscious sedation. Multipolar diagnostic catheters 

were positioned in the coronary sinus (CS), His bundle (HB) region and 

right ventricle (RV). Baseline atrio-His (AH) and His-ventricular (HV) 

intervals were 60 and 55 ms, respectively. RV pacing showed slow, 

decremental and eccentric ventriculoatrial (VA) conduction (earliest 

atrial activation at the level of mid-CS). The response to para-Hisian 

pacing manoeuver is shown in Figure 1.

 

During atrial pacing, there was no evidence of ventricular preexcitation 

or antegrade dual atrioventricular (AV) node physiology. No tachycardia 

was inducible at the baseline state. 

After isoproterenol infusion (2 mcg/minute), and with aggressive atrial 

burst pacing (240 ms), a narrow QRS tachycardia was reproducibly 

inducible. Tachycardia cycle length had an average of 320 ms; AH and 

HA intervals were 75 and 245 ms, respectively. Notably, tachycardia 

induction was independent of critical prolongation in the AH interval.

Figure 2 demonstrates ECG and intracardiac recordings during tachycardia 

and the effect of a premature ventricular extrastimulus (PVE) (S2). Based 

on these data, what is the most likely mechanism of this tachycardia?

Discussion
The retrograde conduction pattern (slow-decremental-eccentric) raised 

the suspicion of a left-sided, Coumel-type accessory pathway (AP). 

However, eccentric retrograde conduction over the nodal slow pathway 

(SP), particularly over the left posterior extension, has been described.1 

The para-Hisian pacing manoeuver is helpful when elucidating the 

retrograde conduction pattern and to explore the presence of occult 

APs.2 In Figure 1, the loss of direct HB capture was associated with 

a significant increase in the stimulus-atrium (Stim-A) intervals without 

any change in retrograde atrial activation sequence (RAAS). This 

response confirms that retrograde conduction is His-dependent (i.e., 

nodal conduction) excluding an extranodal, septal, AP. Although this 

manoeuver may have limited utility with slowly conducting APs, this is 

usually due to the dominate retrograde conduction over the nodal fast 

pathway. In this case, retrograde conduction was constantly slow with 

long VA intervals (i.e., no retrograde conduction over the fast pathway), 

making such a masquerading effect unlikely. Additionally, retrograde 

conduction over a nodo-fascicular pathway (NFP) may still give a nodal 

response during this manoeuver because of its direct connection to the 
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His-Purkinje system. In this patient, another manoeuver was performed 

to exclude the presence of an occult left-sided AP, by pacing the basal 

left ventricle (LV) through a posterior branch of the CS (see Figure 3). 

This manoeuver was performed during isoproterenol infusion and stable 

VA retrograde conduction, and with the tachycardia was easily inducible. 

The differential ventricular pacing, at the same pacing cycle length  

(400 ms), showed longer Stim-A and local VA intervals during LV pacing 

(280 ms and 220 ms) compared with that during RV pacing (220 and  

102 ms), respectively. This makes the presence of a left-sided AP unlikely. 

Alternatively, differential RV apex/base pacing could be also used 

to differentiate the retrograde conduction pattern.3 The differential 

diagnosis of the induced tachycardia (AH > HA interval) basically 

includes: orthodromic AV reentrant tachycardia (O-AVRT) using a 

slowly conducting AP (permanent junctional reciprocating tachycardia 

(PJRT) ‘Coumel tachycardia’); atypical (fast-slow) AV nodal reentrant 

tachycardia (AVNRT); and atrial tachycardia.

The RAAS during tachycardia was identical to that obtained during RV 

and LV pacing making the diagnosis of AT unlikely, but still possible. The 

response to PVE (see Figure 2), reproducibly delayed the next atrial 

activation without altering antegrade HB activation. This phenomenon 

confirms the presence of an AP bypassing the HB and excludes the 

diagnosis of AT. This paradoxical delay in atrial activation in response to 

PVE could be observed during PJRT using a slowly conducting AV bypass. 

However, the response to para-Hisian pacing and differential LV-RV pacing 

showing identical RAAS to that during tachycardia favours the diagnosis 

of an occult NFP connected to the left extension of the nodal SP. 

Accordingly, the presented tachycardia could be an O-AVRT using an 

NFP for the retrograde limb, or an atypical fast-slow AVNRT with a 

bystander occult NFP. During AVNRT, a His-refractory PVE should not 

have any effect on the ongoing tachycardia. However, the presence of 

an NFP connected to the nodal SP may explain the paradoxical delay 

with S2 (see Figure 2) maintaining the same RAAS. 

In order to elucidate the role of this NFP in tachycardia mechanism, a 

right bundle branch block (RBBB) was intentionally induced by applying 

gentle pressure against the early proximal portion of the RBB. The 

induced proximal RBBB did not affect the ongoing tachycardia cycle 

length, and the His-atria (HA) intervals remained unchanged (245 ms) 

(see Figure 4). The latter phenomenon confirmed the bystander role of 

the NFP in this case. An O-AVRT using a right-sided NFP typically shows 

significant tachycardia slowing when RBBB develops.4 Importantly, 

the longer VA interval during LV pacing compared with that during RV 

pacing points against the presence of a left-sided NFP.

Finally, based on these electrophysiological features and phenomena, 

the best explanation of tachycardia mechanism is atypical AVNRT with 

a bystander occult NFP. This NFP inserted into the left nodal SP provides 

the route for PVE during His refractoriness to penetrate and prolong the 

refractoriness and conduction over the nodal SP during tachycardia. 

Ventricular entrainment was not performed in this case that might have 

added further evidence of tachycardia mechanism through analysing 

RAAS, AV response after pacing termination and the post-pacing interval.

Conventional mapping during tachycardia revealed a relatively late 

activation at the right interatrial septum adjacent to the CS ostium. 

At a low pacing output, there was a loss of direct His bundle (HB) capture at the second 
beat as indicated by a wider QRS morphology and retrograde activation of HB (the grey 
arrow). This delay in HB activation was associated with a significant increase in the 
stimulus-atrium (Stim-A) interval (from 250 ms to 300 ms). The asterisks indicate the site 
of earliest retrograde atrial activation at the level of the mid-coronary sinus (CS) (CS 5-6) 
as illustrated by the fluoroscopic image (left anterior oblique [LAO] 30°) at the right side. 

LV = left ventricle; PCL = paced cycle length; RV = right ventricle; Stim-A = stimulus-
atrium; VA = ventriculoatrial.

Figure 2: Surface ECG (I, aVF, V1, V5) and 
Intracardiac Recordings during Tachycardia 
and the Effect of His-synchronous PVE (S2)

Figure 1: Para-Hisian Pacing Manoeuver

Figure 3: Differential Ventricular Pacing from 
the RV (Left) and LV (Right)

aVF = arteriovenous fistula; ECG = electrocardiogram; PVE = premature  
ventricular extrastimulus.
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However, standard, right-sided, RF ablation of the nodal SP at the area 

between the CS ostium and the tricuspid valve rendered the tachycardia 

non-inducible. The patient remained asymptomatic, off anti-arrhythmic 

drugs, during an 18-month follow-up period.

Even if there is no conclusive evidence, the successful RF at an area 

relatively distant from the earliest activation site during tachycardia is 

in favour of atypical AVNRT rather than PJRT using a slowly conducting 

AV bypass tract.

This case highlights the crucial role of basal electrophysiological study 

to fully understand the tachycardia mechanism. In this case, analysing 

only tachycardia features with eccentric RAAS and the response to PVE, 

would have led to the diagnosis of O-AVRT and an unnecessary left 

side access to map and ablate the earliest atrial site. Careful analysis of 

basal pacing manoeuvers (para-Hisian and differential RV/LV pacing) was 

critical to delineate the tachycardia substrate. Furthermore, mechanical 

RBBB might be induced intentionally for diagnostic utility in exceptional 

cases. Such cases may be rare and conclusions cannot be generalised, 

even so familiarity with different pacing manoeuvers may help to 

understand arrhythmia mechanisms and to face challenging cases. n

Figure 4: 12-lead ECG and His Bundle 
Recordings during Tachycardia (Panel A), and 
after the Mechanically Induced RBBB (Panel B)

ECG = electrocardiogram; RBBB = right bundle branch block.
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