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KEY POINTS: 

 Catheter ablation of accessory pathways is in general highly safe and effective, but in some cases 
uncommon bundles with node like conduction properties might pose challenges for proper 
diagnosis and successful ablation. 

 Atrio-ventricular, atrio-fascicular, nodo-ventricular, nodo-fascicular, and fasciculo-ventricular fibers 
are to be included among accessory pathways with slow and decremental conduction properties.   

 Permanent junctional reciprocating tachycardia (so-called Coumel tachycardia) is sustained by 
fibers with slow and decremental conduction properties, which are responsible for the peculiar 
characteristics to this arrhythmia.  

 Knowledge of these variants of accessory pathway is paramount to warrant a safe and effective 
ablation in this complex clinical scenario.  

 

SYNOPSIS: 

 
In rare cases, atrioventricular re-entrant arrhythmias are sustained by accessory pathways with peculiar 
electrophysiologic features that may be related to their specific anatomy. Most of these bundles show 
decremental node like conduction properties and sustain peculiar forms of arrhythmias which require 
careful differential diagnosis. On the other hand, some pathways do not actively sustain any re-entrant 
circuit and should nevertheless be promptly recognised to avoid unnecessary ablation attempts. Although 
rare, these variants of accessory pathway should be known to warrant a safe and effective catheter 
ablation procedure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Introduction 
 

As previously stated1,2, terms like “Mahaim fiber”, “pseudo-Mahaim fibers”, or “accessory pathways 
(AP) with Mahaim properties” should be avoided due to specific embryogenetic reasons and peculiar 
pathophysiological features of these fibers. A classification on anatomic grounds seems more appropriate 
in the setting, as proposed elsewhere in this issue, and it could be as follows:  

 
A. Atrio-fascicular (AF) and atrio-ventricular (AV) pathways with node like conduction properties connecting 
the right atrium to the right bundle branch and the right ventricle, respectively. 
B. Nodo-fascicular (NF) and nodo-ventricular (NV) pathways connecting the AV node to the right bundle 
branch and the right ventricle, respectively. 
C. Fasciculo-ventricular AP connecting the His-Purkinje system to the upper right ventricular septum. 
 

Fibers sustaining permanent junctional reciprocating tachycardias (PJRT), the so-called “Coumel 
tachycardia” should be also included among fibers with slow and decremental conduction properties.  

The anatomy and pathophysiology of these AP variants and the related arrhythmia characteristics 
are described in a different section of this issue. Due to their peculiar electrophysiological properties, these 
uncommon fibers are approached in a distinct manner compared to the more common Kent bundles, when 
catheter ablation (CA) is deemed necessary. The reported anatomic classification is relevant for a deep 
understanding of the tachycardia mechanism and, therefore, the pinpoint identification of the CA target in 
this complex clinical scenario. A summary of the characteristics of these AP variants and the criteria for 
differential diagnosis, together with the target and the results of CA are reported in the next paragraphs. 

 
 

1. Atrio-fascicular and atrio-ventricular accessory pathways 
 
1.1. Electrocardiographic and electrophysiological features 

These AP responsible of variants of ventricular pre-excitation show the following characteristics at non-
invasive and invasive evaluation: 

A. Minor or absent ventricular pre-excitation in sinus rhythm on surface ECG3 

B. Evidence of slow, decremental, and node like conduction properties at electrophysiology study4,5.  During 
programmed atrial stimulation (Figure 1), a progressive A-H interval prolongation and shortening of the H-
V/delta interval are commonly observed on the His-bundle catheter recording with concomitant increase of 
the degree of ventricular pre-excitation on surface ECG. Differently from Kent bundles, characterized by a 
rate-independent non-decremental conduction, a progressive prolongation of the A-delta interval with 
progressive shortening of coupling interval of atrial extrastimuli is observed. 

C. Ability to sustain only antidromic atrio-ventricular re-entrant tachycardia with a left bundle branch block 
morphology3 Although some exceptional demonstration of ventriculo-atrial conduction has been 
provided6,7, lack of retrograde conduction allows these AP to sustain only antidromic AV re-entrant 
tachycardia (Figure 2). 

D. Reverse activation of the His-Purkinje system during antidromic atrio-ventricular re-entrant tachycardia 
or maximally pre-excited beats4. In these conditions, the right bundle electrogram precedes the His bundle 
one, demonstrating retrograde involvement of the His/right bundle in these circumstances. 



E. Confirmation of pathway involvement in the tachycardia circuit and distant location from the AV node4,8,9. 
During tachycardia, late atrial extrastimuli delivered afar from the AV node area usually advance the 
following ventricular complex without advancing the atrial electrogram recorded from the His-bundle 
region, therefore resetting the tachycardia circuit.  

 

1.2. Catheter ablation 

1.2.1. Target for ablation.  
 

Although with some exceptions10, a sharp and high frequency pathway potential is usually recorded 
at the antero-lateral region of the tricuspid annulus in most patients,8,11–13 as shown on Figure 1. Due to the 
slow conduction properties and the length of these fibers, a short A-V interval with fusion of the local atrial 
and ventricular bipolar electrogram is rarely seen at the site of the AP location (Figure 3). In case of AF or 
long AV fibers, the pathway potential may be recorded remote from the tricuspid annulus and close to the 
right ventricular apex (Figure 4). If no pathway potential is recorded along the presumptive course of the 
fiber, identification of its distal insertion site in the right ventricle can guide CA9,14. This site is generally 
identified by the earliest local bipolar ventricular activation preceding the ECG delta wave with a 
concomitant steep QS complex morphology in the unipolar recording. Pacemapping reproducing the same 
QRS complex morphology observed during tachycardia or maximal pre-excited beats has been reported to 
be useful in this setting14. 
 
1.2.2. Ablation endpoint.  
 

CA can be performed both during sinus rhythm or antidromic AV re-entrant tachycardia resulting in 
disappearance of ventricular pre-excitation or tachycardia interruption in the anterograde limb of the 
circuit, respectively. Since AV/AF fibers contain accessory AV nodal tissue, heat-induced automaticity during 
RF CA is commonly observed (Figure 5) during energy delivery15. Complete abolition of the conduction the 
AP is essential to avoid early or late arrhythmia recurrences.  

 
1.2.3. Ablation results and indications.  
 

Table 1 displays the efficacy, safety, and procedure data of CA of AF/AV pathways reported in 11 
studies extracted from the available literature8–10,12,13,16–21. In the reported studies, 173 patients underwent 
CA targeting the pathway potential and/or its distal insertion site leading to interruption of clinical 
arrhythmia and/or disappearance of ventricular pre-excitation on surface ECG. Although the significant 
procedure time and the remarkable radiation exposure would prove the complexity of the procedure in 
some cases, CA of AF/AV pathways should be deemed highly safe and acutely effective. Moreover, CA using 
the reported ablation targets warrants the absence of arrhythmic recurrence at mid- and long-term follow-
up after an initial successful procedure in most cases. Therefore, CA of AF/AV fibers is recommended for all 
patients with recurrent symptomatic tachycardia22, however, differently from what has been observed in 
asymptomatic patients with Kent bundles22, current guidelines do not recommend prophylactic ablation for 
prognostic reasons considering the exceedingly rare risk of sudden cardiac death occurring in these patients 
due to the peculiar electrophysiological properties of these fibers23.   

In this setting, CA is usually performed using radiofrequency energy (RF) delivered by means of 4-
mm tip irrigated or non-irrigated catheters according to the anatomic site of the pathway. In case of close 



location to the AV node or His-bundle region, similarly to CA of para-Hisian AP24, cryoablation may be used 
to minimize the risk of AV block25 due to the well-known biophysical and histopathologic effects of this 
energy source24,26,27. 

 
1.2.4. Peculiar cases.  
 

Since embryogenic remnants of AV nodal tissue can be only found along the tricuspid annulus28, AF 
and AV pathways are commonly located in the right atrial chamber.  However, left-sided decremental node 
like pathways have also been described29–33 In these cases, slow conduction may have also another 
pathophysiologic explanation. Ageing34 might partially explain the deterioration of electrical conduction 
over left-sided Kent bundles leading to slow conduction. Moreover, CA-induced modification of the 
electrical conduction during a partially successful procedure might as well play a role in slowing conduction 
over an AV AP35. 

As an example of complex CA of left-sided AP with decremental conduction properties, we report 
the case of a 70-year-old patient referring for palpitation at the Center of Turin. Upon admittance, 12-lead 
ECG showed a wide QRS complex tachycardia with right bundle branch block morphology and inferior axis 
deviation (Figure 6 A). Sinus rhythm was only restored after electrical cardioversion with evidence of 
manifest ventricular pre-excitation consistent with an AP with right anteroseptal location (Figure 6 B). 
However, quite interestingly, adenosine test showed the same QRS complex morphology recorded during 
tachycardia (Figure 7). These findings would suggest the presence of two different AP and, hence, an 
electrophysiology procedure was performed. Programmed ventricular stimulation only showed retrograde 
conduction over the His-Purkinje system, while incremental atrial pacing resulted in the progressive 
lengthening of the A-delta interval and concomitant widening of the QRS complex on surface ECG: these 
findings were consistent with antegrade conduction over a right antero-septal pathway with slow and 
decremental conduction properties (Figure 8 A). Interestingly, atrial cycle lengths shorter than 370 ms 
resulted in a change of the QRS complex morphology, which now was identical to the one recorded during 
tachycardia and consistent with a left-sided location of another AP (Figure 8 B). Programmed atrial 
stimulation confirmed that the left AP showed slightly better conduction properties compared to right one 
(Figure 9). For this reason, the left-sided AP was initially targeted for CA. After unfruitful mapping at the 
lateral mitral annulus, a sharp pathway potential consistent with pathway location identification was found 
at the anteroseptal mitral annular region (Figure 10). At this site, quite surprisingly, RF delivery resulted in 
disappearance of both the two pre-excitation morphologies. Final incremental pacing from multiple atrial 
sites ruled out presence of residual ventricular pre-excitation.  

This case is consistent with a decremental AP with a single atrial insertion site at the exceedingly 
rare location of the aortomitral continuity and two distinct ventricular insertions at the right ventricular 
septum and antero-lateral mitral annular region, respectively. The electrophysiology study and response to 
CA provided invaluable information for the understanding of the complex arrhythmogenic substrate leading 
to a definitive treatment in this patient. 
 

2. Nodo-fascicular and nodo-ventricular accessory pathways 

2.1. Electrocardiographic and electrophysiological features 

These very rare AP show the following characteristics at non-invasive and invasive evaluation: 

 



A. Minimal or absent ventricular pre-excitation during sinus rhythm on surface ECG11,36 

B. Evidence of slow-conduction and decremental properties during electrophysiology study37. Like AF and AV 
pathways, incremental atrial pacing is associated with A-H interval prolongation and shortening of H-
V/delta interval on His-bundle catheter with possibly progressive increase of ventricular pre-excitation on 
surface ECG. 

C. Capability of both antegrade5 and retrograde conduction properties36,38. During antidromic re-entrant 
tachycardia, the morphology of the QRS complex varies according to the distal insertion site of the fibers, 
ranging from a typical left bundle branch block morphology to a minimal degree of ventricular pre-
excitation. As expected with an antidromic tachycardia, the His bundle is retrogradely activated from distal 
to proximal following the onset of the pre-excited QRS complex. Conversely, in case of fibers with 
concealed conduction, the QRS complex morphology during orthodromic re-entrant tachycardia usually 
replicates the one observed during sinus rhythm and tachycardia is generally reset or terminated by His-
synchronous premature ventricular complexes, proving evidence of the presence and the participation of 
an AP in the arrhythmia circuit38 

D. Exclusion of an extranodal location. Differently from AF and AV pathways, the introduction of premature 
atrial beats at progressively shorter coupling intervals is not associated with the advance in the timing of 
the next ventricular complex during antidromic tachycardia11,39 with no change in in the H-H or V-V 
intervals39. These observations would support that the atria do not participate in the tachycardia circuit in 
arrhythmic substrates sustained by NF/NV fibers. 

E. Ventriculo-atrial dissociation during tachycardia38. Since the atria are not part of the arrhythmic circuit, 
atrial activation might be overtaken by sinus rhythm. The observation of this rare phenomenon further 
rules out the presence of extranodal AP. 

2.2. Catheter ablation 

Due to the absence11 or the inconstant recording of a pathway potential36,38, NV and NF pathways can be 
targeted during CA, as follows: 

A. At the atrial insertion site in case of concealed pathways sustaining orthodromic re-entrant taachycardia. 
The earliest retrograde atrial activation is usually located at the mid-septal region36 or at the roof of the 
coronary sinus ostium38  

B. Empirical ablation of the slow pathway40 in all other cases. 

In this setting, due to the proximity of the AP to the AV node and His bundle region, cryoablation 
can be useful as an alternative energy source to avoid the risk of iatrogenic permanent AV block. 

 

3. Fasciculo-ventricular accessory pathways 

3.1. Electrocardiographic and electrophysiologic features 

These AP, possibly observed in clinical practice, show the following characteristics at non-invasive 
and invasive evaluation: 



A. Minimal pre-excitation at baseline on surface ECG37,41 usually consistent with a right anteroseptal or 
para-Hisian AP is present 

B. Induction of complete AV block by bolus intravenous injection of adenosine34. Since the proximal insertion 
of this fibers is distal to the AV node/His bundle and, hence, dependent on nodal conduction, adenosine 
can create transient AV block with no modification of the degree of ventricular pre-excitation before and 
after block. 

C. Unaltered ventricular pre-excitation during programmed atrial stimulation37,41. For the same reason, 
progressive prolongation of the A-H and A-delta intervals with no change in the H-delta interval and the 
degree of ventricular pre-excitation is observed during programmed atrial pacing. This feature enables to 
differentiate FV fibers from Kent bundles, which are characterized by rate-independent non-decremental 
conduction, and from AF/AV and NF/NV decremental pathways, where the degree of pre-excitation 
changes at different cycle lengths. However, during programmed atrial stimulation with progressively 
shorter coupling intervals may cause disappearance of ventricular pre-excitation with narrowing of the QRS 
complex associated with the sudden prolongation of the H-V interval, due conduction block over the FV 
fibers41 as shown in Figure 11A-B. 

D. Inability to sustain re-entrant arrhythmias1,37,41.  Due to the anatomic location immediately distal to the 
AV node/His bundle, FV fibers can only act as bystander fibers in a variety of arrhythmogenic substrates. 

3.2 Catheter ablation. 

Considering their peculiar anatomic location and electrophysiologic properties37,41, although with 
some exceedingly rare exceptions 42,43, FV pathways do not usually sustain re-entrant arrhythmias41. 
Therefore, the role of CA is far less established in these patients and any pointless CA attempt may lead to 
AV node conduction damage, especially in young patients44. 

 

4. Concealed slow conducting accessory pathways sustaining permanent junctional reciprocating 
tachycardia 

4.1. Electrocardiographic and electrophysiologic features 

The characteristics of these AP sustaining the PJRT or so-called “Coumel tachycardia” and usually 
located in the postero-medial right or left areas are as follows:  

A. Concealed and decremental conduction properties. Normal P-R interval and no signs of overt ventricular 
pre-excitation in sinus rhythm on surface ECG with evidence of retrograde conduction during 
electrophysiology study is observed in these patients45,46. Decremental conduction properties are defined 
as an increment of more than 50 milliseconds of the ventriculo-atrial conduction time during programmed 
ventricular stimulation45. 

B. Ability to sustain permanent junctional reciprocating tachycardia. PJRT is an orthodromic AVRT which 
displays a narrow QRS complex morphology, 1:1 AV relationship, a prolonged R-P’/ P’-R ratio with negative 
P wave morphology in the inferior leads45,46, and an iterative clinical manifestation (Figure 12). 

D. Confirmation of extranodal retrograde conduction during tachycardia. During tachycardia, delivery of 
His-refractory premature ventricular beats shows advancement (Figure 13) or paradoxical delay of the 



following retrograde atrial activation45,47, excluding atypical AV nodal re-entry or atrial tachycardia as 
potentially alternative arrhythmogenic mechanisms47. Of note, this modification in atrial activation is 
facilitated by ventricular pacing at a site close to the AP. 

4.2. Catheter ablation 

CA is highly safe and effective48 and strongly recommended in highly symptomatic patients or in 
cases with PJRT-related tachycardia-induced cardiomyopathy23. CA targets the earliest retrograde atrial 
activation during ongoing tachycardia47 and this anatomic location is commonly found at the posterior 
atrial septum close to the coronary sinus orifice45–47 (Figure 14 A) where an AP potential might be 
recorded49. Three-dimensional electroanatomic mapping systems may help to identify the proper CA site in 
this setting (Figure 14 B)50.  

CA is generally performed using irrigated or non-irrigated RF catheters, however, cryoablation can 
be used as an alternative energy source to minimize the risk of AV block, especially in children and young 
adults51. 
 

Conclusions 

Although rarely encountered in clinical practice, the electrophysiologist should be aware of these 
uncommon AP characterized by slow and decremental conduction properties to avoid troublesome 
procedures and potential damage to the His-Purkinje system especially in young patients. The reported 
anatomic classification, proper mapping and achievement of CA endpoints can warrant a safe and effective 
procedure in this peculiar clinical setting. 
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Figure Legend.  

Figure 1. Slow-conductive and decremental properties of an atrio-ventricular node like accessory pathway. 
From top to bottom, bipolar signals recorded from diagnostic catheters positioned at the high right atrium 
(HRA), His-bundle region (HBE), and coronary sinus (CS) are displayed. Electrograms recorded by the 
ablation catheter located on the accessory pathway (ABL), with the corresponding unipolar recording (ABL 
U), and surface ECG leads are also shown. A sharp pathway potential (M) is consistently recorded on the 
ablation catheter. The A-M interval is expression of conduction over the proximal part of the accessory 
bundle and its decremental properties are proved by the prolongation of A-M and A-V interval during the 
paced beat from the HRA. Interestingly, compared to the A-H interval representing A-V node conduction, 
this accessory pathway shows faster conduction and less decremental properties in the premature atrial 
beat, leading to a greater degree of ventricular pre-excitation on surface ECG. 

Figure 2. Antidromic atrioventricular re-entrant tachycardia with left bundle branch morphology sustained 
by atrioventricular fibers with node-like conduction properties. 

Figure 3. Intracavitary recordings from the His bundle catheter (HIS p), coronary sinus catheter (CS), 
mapping/ablation catheter (ABL d bipolar recording; UNI unipolar recording), right ventricular catheter 
(RVA d) are displayed together with surface tracings. A sharp and high-frequency potential (so called 
Mahaim potential) is recorded between the atrial and ventricular deflections in ABL d, located onto 
atriofascicular fibers with node like conduction properties.  The local atrial and ventricular potentials are 
clearly separated, and ventricular pre-excitation is present of surface ECG. 

Figure 4.From top to bottom, the signal are displayed from the followings catheters: quadripolar catheter 
positioned at the His-bundle region from proximal (HBEp) to distal (HBEd), multipolar coronary sinus 
catheter (CS) from proximal to distal (from CS7,8 to CS1,2), bipolar recordings of an ablation catheter from 
distal (ABLd) to proximal (ABLp), diagnostic catheter at the right ventricular apex (RVap), and surface ECG 
leads (I,II, III, and V1). During antidromic tachycardia, a sharp pathway potential (black arrows) is recorded 
40 ms before the QRS onset at the ventricular insertion site of these atrio-fascicular fibers remote from the 
tricuspid annulus. The distal ventricular insertion is confirmed by absence of atrial electrogram preceding 
the pathway potential and the local ventricular electrogram. 

Figure 5. Tachycardia interruption during radiofrequency energy delivery. Same catheter display as in 
Figure 4. After proper mapping, antegrade conduction over the pathway is abolished by radiofrequency 
energy delivery with interruption of the antidromic atrioventricular re-entrant tachycardia in the antegrade 
limb of the re-entry circuit. Upon interruption, the sinus beat shows no sign of ventricular pre-excitation. Of 
note, shortening of the tachycardia cycle consistent with heat-induced automaticity during ablation is 
transiently observed in the last tachycardia beat before its interruption.  

Figure 6 A-B. Twelve-lead ECG showing a wide QRS complex tachycardia with right bundle branch block 
morphology and inferior axis deviation in a 70-year-old patient referring to the Emergency Department for 
palpitations (Panel A). After electrical cardioversion, sinus rhythm is restored, and surface ECG clearly 
shows a certain degree of ventricular pre-excitation consistent with a right antero-septal accessory 
pathway (Panel B). 

Figure 7. Adenosine test in the same patient. After adenosine bolus injection, maximal ventricular pre-
excitation was evident during sinus rhythm with a QRS complex morphology in the peripheral leads 
identical to the one recorded during tachycardia. Interestingly, the last beat (arrow) shows a pre-excited 



beat similar to the one shown in sinus rhythm after electrical cardioversion. These findings suggest the 
presence of two different accessory pathways in this patient. 

Figure 8 A-B. Programmed atrial stimulation during electrophysiology study in the same patient. Maximal 
degree of ventricular pre-excitation with a QRS complex morphology consistent with a right anteroseptal 
accessory pathway is evident during programmed atrial pacing (Panel A). A very different pre-excited QRS 
complex morphology consistent with a left-sided accessory pathway is clearly seen when atrial pacing is 
performed at cycle length shorter than 370 ms (Panel B) suggesting the presence of a right- and left-sided 
accessory pathway in this patient.  

Figure 9. Incremental atrial pacing in the same patient shows the different electrophysiological properties 
of the two observed accessory pathways. Initially, antegrade conduction occurs over the right anteroseptal 
bundle, as suggested by the left bundle branch block-like morphology of the QRS complex but, as the atrial 
cycle length shortens, QRS complex morphology gradually changes and the last two beats (black arrows) 
shows a QRS complex morphology identical to the one recorded during tachycardia and consistent with a 
left-sided pathway. 

Figure 10 A-B. Fast anatomical mapping in the same patient representing both atria performed by means of 
three-dimensional electroanatomic mapping systems using a contact-force sensing catheter. The yellow 
and the pink tags represent the area of the His-bundle and the successful ablation site, respectively. In the 
latter site, a sharp pathway potential (so-called Mahaim potential) was clearly recorded on the ablation 
catheter between the atrial and ventricular deflections shown in the lower right inset. ABL= successful 
ablation site; CS=coronary sinus catheter; LA= left atrium; MA=mitral annulus; RA= right atrium; 
TA=tricuspid annulus.   

Figure 11 A-B. Electrophysiological properties of a fasciculo-ventricular accessory pathway. In Panel A, 
during programmed atrial stimulation, the premature beat (third) shows the same degree of ventricular 
pre-excitation and a short H-V interval as in the first two beats. In Panel B, a more premature atrial 
extrastimulus at 330 ms achieves the effective refractory period of the fasciculo-ventricular fibers leading 
to loss of ventricular pre-excitation and a normal H-V interval.  

Figure 12. Iterative form of permanent junctional reciprocating tachycardia. No atrial or ventricular 
premature beats are required for tachycardia onset. The incessant presentation of this arrhythmia is a 
peculiar diagnostic feature (see text for further explanation) 

Figure 13. Decremental properties of fibers sustaining the so-called “Coumel tachycardia”. From top to 
bottom, signals recorded from the following catheters are displayed: quadripolar catheter positioned at the 
His-bundle region from proximal (HBEp) to distal (HBEd), decapolar coronary sinus catheter (CS) from 
proximal to distal (from CS9, 10 to CS1,2), ablation catheter (ABLp),and surface ECG leads (V1,I, and II). His-
refractory premature ventricular beat advances the following atrial activation (A) during ongoing 
tachycardia. Ventriculo-atrial (VA) interval measured after His-refractory premature ventricular beat is 
longer (348 ms) compared to the one recorded during tachycardia (305 ms) confirming the decremental 
conduction properties of the concealed accessory pathway sustaining the permanent junctional 
reciprocating tachycardia. 

Figure 14 A-B. Ablation of permanent junctional reciprocating tachycardia; tracings are as in the previous 
figure, with the addition of bipolar recording from the proximal electrode pair of the ablation catheter (ABL 
p). During tachycardia, the earliest retrograde atrial activation is recorded in the right postero-septal region 



and precedes by 63 ms the activation in the proximal coronary sinus (Panel A). In Panel B, fast anatomic 
mapping of the right atrium during tachycardia is displayed in left anterior oblique view: the earliest 
retrograde atrial activation close to the coronary sinus orifice is identified by the red area on this map. In 
this site, catheter ablation resulted in tachycardia interruption and suppression of conduction over the 
accessory pathway. 



Table 1.   

Efficacy and safety of catheter ablation of atrio-fascicular and atrio-ventricular accessory pathways. 

 

* Numbers expressed as either mean values ± standard deviation or median values and 25-75% interquartile range in square brackets.  

Author Year Pop. n Age  
(years) AF/AV, n Ebstein, n Concomitant 

substrate 
Acute 

success 
n, % 

RF  
Ablations, n* 

Complications FT (min) PT (min) 
Long-term 

success 
n, % 

Proc/pts Follow-up 
(months)* 

Klein9 1993 4 27 [11-48] 3/1 0 AVNR 4 /4 
(100%) 15 (10-19) 0 N/A N/A 4/4 (100%) 4/4 8 (2-15) 

De Ponti17 1994 3 N/A N/A 2 AVRT,AVNRT 3/3 
(100%) N/A 0 N/A N/A 3/3 (100%) 3/3 8 ± 7 

Cappato12 1994 11 30 ± 9 3/9 0 N/A 9/11 
(81%) 7 ± 5 0 86 ± 37 438 ± 192  8/11 (73%) 23/11 9 ± 2 

McClelland8 1994 23 30 ± 10 23/0 1 AVRT,AVNRT 23/23 
(100%) 3 ± 3 0 99 ± 39 N/A 23/23 (100%) 23/23 18 ± 13 

Heald18  1995 19 33 [7-53] N/A 2 AVRT,AVNRT 18/19 
(95%) 3 [1-13] 0 30 [7-107] 120 [49-260] 17/19 (89%) 20/19 9 [1-29] 

Brugada13 1995 4 35 [27-47] 4/0 1 AVRT 4/4 
(100%) 7 [1-14] 0 N/A N/A 4/4 (100%) 4/4 5 [3-9] 

Silva19 2003 6 26 ± 7.3  6/0 0 AVRT 6/6 
(100%) 5 ± 3 0 47 ± 25 178.6 ± 108  6/6 (100%) 9/6 20 ± 4 

Haghjoo10 2005 10 30 ± 12 10/0 1 AVRT 10/10 
(100%) 3 ± 1 0 35 ± 13 81 ± 25 10/10 (100%) 10/10 12 ± 3 

Kothari20 2006 29 19 ± 8 29/0 3 AVRT, AVNRT 28/29 
(97%) 6 [1-13] 0 35 ± 12 150 ± 32 28/29 (97%) 31/29 19 ± 13 

Liao21 2011 30 37 ± 12 10/20 1 N/A 30/30 
(100%) N/A 0 N/A N/A 30/30 (100%) 30/30 17 ± 4 

Mönnig16 2012 34 37 ± 17 34/0 0 N/A 23/34 
(68%) N/A 0 N/A N/A 20/34 (60%) 43/34 112 ± 66 



Abbreviations. AF=atrio-fascicular accessory pathway; AV=atrioventricular accessory pathway; AVNR= atrioventricular nodal re-entry; AVNRT=atrioventricular 
nodal re-entrant tachycardia; AVRT= atrioventricular re-entrant tachycardia sustained by Kent bundles; Ebstein= concomitant presence of Ebstein disease; FT= 
fluoroscopy time; Proc/pts= total number of procedures/total number of patients; PT=procedure time; RF=radiofrequency energy.  


