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1. Anatomical considerations

• Mitral (60%) vs tricuspid annulus (15%)

• Oblique AP (~90%)

• Septal (25%) vs free wall AP (75%)



Anatomical consideration
Mitral annulus (with left posterior AP)

MA: Well-formed hinge, continuous fibrous skeleton. LCX artery & CS (>10 mm from annulus)

Atrial connection usually discrete, V insertion may branches. 

AP length: usually 5~10 mm.



Anatomical consideration
Mitral annulus vs. tricuspid annulus

• Tricuspid annulus

– Less well-formed

– Frequently discontinuous fibrous 

tissue

– RA & RV overlap or fold

–  Unstable catheter positioning

– No fluoroscopic land mark like CS.

– Broader AP

– More epicardial AP

Ho SY, Anderson RH. Anatomy of accessory pathways. In Farre J, Moro C [eds]: Ten Years of Radiofrequency Catheter Ablation. Armonk, NY: Futura; 1998:149-163.



• Total 719 patients between February 1990 and October 1994
- Failed (51) or a lengthy procedure (14, defined as an ablation 
procedure > 2 SD longer than the mean duration, 196min)

- 65 Patients : 22 concealed, 43 manifested

J Am Coll Cardiol 1996;27:683.
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• Right free wall was 
significantly greater than that 
in the overall group (29% vs 
16%, P<0.01).

• Right anterolateral 
4.6% vs 1.1%, P<0.05

• Right posterolateral 
10.8% vs 3.3%, P<0.01



Oblique APs



Oblique AP: Where is the successful ablation sites ?



“The shorter local V-A interval beyond the atrial insertion of the AP of the 
fractionated atrial EGMs in the majority of patients with failed ablation.”



Septal pathways

Posterior septal pathways, especially 
when epicardial and involving the 
coronary sinus myocardium or middle 
cardiac venous myocardium can be 
difficult to ablate. Midseptal and 
anteroseptal pathways are particularly 
likely to be complicated with damage to 
the compact AV node. 



ECG localization of WPW

Arruda MS et al.. J Cardiovasc Electrophysiol. 1998;9:2-12



Analysis of retrograde P wave

CT Tai, SA Chen et al. 1997 JACC



Mapping of AP in EPS

• The most widely used approaches 
– Earliest ventricular activation during antegrade AP 

conduction 

– Earliest retrograde atrial activation during ORT

• Unipolar recordings 
– Maximal negative dV/dt reflects local ventricular 

activation.

– The absence of a QS morphology in the unipolar 
electrogram indicates a site with <10% success

• Bipolar recordings 
– More clear electrogram components and AP potentials.



Mapping, approach

• The decision regarding use of the transaortic or transseptal approach 
is based on physician familiarity and certain patient characteristics. 

• Because the two approaches are complementary, it is best for the 
physician to be familiar with both techniques. 

• The transseptal approach
– peripheral vascular disease, aortic valve disease or prosthesis, or small 

ventricular chambers. 

– In children weighing less than 30 kg, the transaortic approach may be 
associated with frequent valve trauma. 

– better access to far lateral and anterolateral AP locations. 

• Transaortic approach 
– distorted cardiac anatomy such as congenital heart disease, 

pneumonectomy, kyphoscoliosis, or severe dilation of the aorta or right 
atrium.

– Catheter stability may be better with transaortic approach.



Potential target sites of ablation

• Lt.free wall
– Presumed AP potential

– Delta-V <0 ms (antegrade)

– A-V < 40 ms (antegrade)

– V-A < 40 ms (retrograde)

– QRS-A < 70 ms (retrograde)

– A EGM > 0.4 mV

• Rt.free wall
– Similar to Lt.free wall

– Delta-V < -10 ms

– A EGM > 1 mV

Mark A. Wood. Ablation of free wall accessory pathways. from Catheter Ablation of Cardiac Arrhythmias, 3rd ed.

During AVRT



Potential target sites of ablation

• Pacing from near the AP 

insertion accentuates the 

degree of preexcitation.

• For left free wall APs, a delta-

to-V time of less than or equal 

to 0 ms is usually recorded at 

successful ablation sites, 

During A pacing



Atrial electrogram polarity reversal

(transseptal approach for left AP) 

Mark A. Wood. Ablation of free wall accessory pathways. from Catheter Ablation of Cardiac Arrhythmias, 3rd ed.

isoelectric





Circulation. 2001;104:550.

The 55-ms increase in local-VA with the clockwise 
ventricular wavefront indicates 
(1) the AP has an oblique course 
(2) the ventricular end is located posterior to the atrial 
end. 

Distinct retrograde AP potentials (arrows) can be traced 
posteriorly from the site of earliest atrial activation in 
electrogram CS3 to electrogram CS6, suggesting the 
distance
between the atrial and ventricular insertions is >15 mm.

• Reversing the direction of the ventricular wavefront
changed the local-VA by 5 to 90 ms in 106 patients.

• The change in local-VA (Δlocal-VA) was ≥15 ms in 
91(86%).

• Reversing the wavefront separated the potentials in 
79 patients, allowing clear identification of the site 
of earliest atrial activation and retrograde AP 
potential.

Reversing ventricular wave front.



Circulation. 2001;104:550.

The 20-ms increase in local-AV with the 
counterclockwise atrial wavefront indicates 
(1) the AP has an oblique course 
(2) the atrial end is located anterior to the 
ventricular end. 

• Reversing the direction of the atrial  
wavefront changed the local-AV by 5 to 
75 ms in 44 patients.

• The change in local-AV (Δlocal-AV) was 
≥15 ms in 32(73%).

• Reversing the wavefront separated the 
potentials in 29 (66%) patients, allowing 
clear identification of the site of earliest 
ventricular activation and retrograde AP 
potential.

Reversing atrial wave front.



Earliest A at 

retrograde 

conduction by 

RV pacing 

Concealed
left 

posterolateral 

AP potential



Pacing of basal 
lateral LV 

Increase of VA 
interval at 
earliest A site

Manifested
left 

posterolateral 

AP potential



Differential pacing of AP potential

MJ Niebauer, F Morady et al. 1995 JCE



Mini-electrode Mapping during AVRT :presumed AP potential



Ablation (with concomitant RV pacing)



Circulation. 2001;104:550.

• A retrograde or antegrade AP potential was recorded in 102 of 114 
(89%) patients by ventricular pacing from the site producing the longer 
local-VA or atrial pacing from the site producing the longer local-AV.

• The number of radiofrequency applications was significantly smaller in 
patients with an isolated AP potential (median, 1 versus 4.5, P<0.05).

Ablation targeting AP potential



Ablation 

• Catheter stability should be obtained

• Discontinue isoproterenol.

• Cardiac motion can be minimized by rapid ventricular pacing.

• The target temperatures for right and left free wall Aps is typically 60° to 
65°C.

• Favorable ablation sites should not be abandoned until temperatures higher 
than 50° to 55°C are achieved. 

• a 5- to 10-ohm decrease in impedance usually signifies tissue

• heating. 

• Low blood flow positions beneath the mitral or tricuspid annulus may 
require little energy because of the absence of convective cooling. 

• Loss of AP function should occur within 1 to 6 seconds after RF

• energy delivery. 

• Longer times to success may be associated with higher recurrence rates.



Ablation of anteroseptal & midseptal AP

Warren Jackman HRS Scientific session

2017



Mapping of anteroseptal AP

Warren Jackman HRS Scientific session

2017

No A in distal unipolar egm

Single ablation success. Risk of AVB(-). Risk of RBBB(+)



Mapping of midseptal AP

Warren Jackman HRS Scientific session

2017



Posteroseptal AP: Right vs. Left



Posteroseptal AP

Not uncommonly, ablation of the atrial insertion of posteroseptal AP 

connections alters the retrograde activation sequence without eliminating 

reciprocating tachycardia.



J Am Coll Cardiol 1996;27:683.

1. Problems related to catheter manipulation (31, 48%)
- Inability to position the ablation catheter at the effective site :

LL, LP via transseptal (5)/ multiple operator or catheter (11)
- Instability of the ablation catheter or inadequate tissue contact :

LL via transseptal (2)/ midseptum via SVC (2)/ right free wall via long 
sheath (2), SVC (2), multiple operator or catheter (7)

2. Inaccurate localization of Aps (17, 26%)
- In 4 patients with left posteroseptal AP, initial impression was right.
- In 7 patients with right or left free wall AP, oblique course
- Not apparent in remaining.

3. Epicardial APs (5, 8%) within CS
4. Unusual right freewall AP whose ventricular insertion was not 

at the tricuspid annulus (1, 1.5%) : Atriofascicular

5. Recurrent AF (2, 3%) : Redo after Disopyramide (4-6 weeks later)
Complication (2, 3%) : Dissection of right iliac artery, thrombus in LCx
Other : Broad ventricular insertion



Last: Trouble shooting

• Misdiagnosis?

– AVNRT with eccentric atrial activation

– AT near AV annulus

• No early site

– Poor mobility?  use sheath, change catheter

– Unable to discriminate EGM components

•  map opposite direction, change approach, reverse wave front, 
suspect epicardial AP or unusual AP, more mapping

– Unsuccessful energy delivery

• Improve catheter contact, lower system impedence (additional 
skin patch), irrigated catheter, epicardial AP, more mapping



Summary 

• Although ablation of AP is a highly successful 
and safe, some kinds of accessory pathways 
remain challenging.

• Earliest site is not always successful site. 

• Oblique pathways are more common, and 
reversing pacing wave front can help more 
accurate mapping. 

• Careful mapping for AP potential can reduce 
ablation number

• Accurate knowledge of the anatomy involved, 
and meticulous mapping is the key. 



Thank you for attention!


