
Editorial

Importance and implications of the occurrence of AV block
following radiofrequency ablation

Radiofrequency (RF) catheter ablation is now a widely
used technique for treating cardiac arrhythmias—it is con-
sidered as routine first line treatment for most arrhythmias.
Although its eVectiveness is very high it has a low but defi-
nite risk of complications.1 2 Complete atrioventricular
(AV) block is one of the more common complications. Its
importance is raised as many patients with this arrhythmia
are young and, should they have AV block, they would need
permanent cardiac pacing for a long expected lifetime. AV
block may be caused by the delivery of RF energy in the
septal region, close to the compact AV node or proximal
His bundle in patients with mid or anteroseptal accessory
pathways, or in patients with atrioventricular nodal
reentrant tachycardia (AVNRT). Septal localisation of the
accessory pathways is quite rare and the risk of AV block is
balanced by the potential risk of life threatening arrhyth-
mias that patients with WolV-Parkinson-White syndrome
may have. In contrast, it is a major risk for patients with
AVNRT considering the benign nature and relatively high
incidence of this arrhythmia in the general population.

Electrophysiology of AVNRT
Experimental and clinical studies have demonstrated that
AVNRT is caused by a reentry circuit with two functionally
and anatomically distinct pathways with diVerent refrac-
tory periods and conduction properties. The fast pathway
is located in the anterior part of the septum, near the His
bundle recording site, while the slow pathway is in the pos-
terior part of the septum near the coronary sinus os. There
are three diVerent types of AVNRT. In the typical form,
aVecting about 90% of patients, the reentrant circuit con-
sists of the slow pathway in the anterograde direction and
the fast pathway retrogradely (slow-fast). In the uncom-
mon form, anterograde conduction occurs over the fast
pathway and retrograde conduction over the slow pathway
(fast-slow). In some cases, two distinct slow pathways may
constitute the reentrant limbs of uncommon AVNRT
(slow-slow). The first two types may be cured with ablation
of either the fast or slow pathway, while in case of slow-slow
AVNRT, ablation of the fast pathway is not eVective.

Approaches for catheter ablation of AVNRT
At the end of the ’80s, the first attempts of catheter ablation
were targeted to the fast pathway with a good success rate
(about 90%) but with high incidence of complete AV block
(mean 6.8%, range 2–23%). This is not surprising consid-
ering that the fast pathway is located very close to the com-
pact AV node and proximal His bundle. This risk is too
high considering the benign nature of the arrhythmia;
therefore, at the beginning of the ’90s selective ablation of
the slow pathway was proposed3–5 as the slow pathway is
more distant from the AV node.
DiVerent approaches for slow pathway ablation were

proposed: an anatomical approach3 characterised by the
delivery of serial RF applications with a stepwise
movement of the catheter from the posterior zone of
Koch’s triangle, near the coronary sinus os, to the midsep-
tal and anteroseptal zone (close to the compact AV node)
until the arrhythmia is no longer inducible.

Aiming to reduce the number of RF pulses and so the
extent of the endocardial lesion, two other approaches were
proposed. In both, endocardial potentials were used to
guide application of RF energy: a “sharp” potential
described by Jackman4 and a “slow” potential described by
Haissaguerre et al and us.5

The origin and significance of these two potentials have
been widely debated in the recent past until McGuire and
colleagues6 demonstrated that the slow potential is caused
by a band of nodal-type cells close to the coronary sinus os
and the tricuspid annulus, but it is not part of the compact
AV node and may be the substrate of the slow AV nodal
pathway. On the other hand, the sharp potential may be
caused by asynchronous activation of muscle bundles
above and below the coronary sinus os.
Using the slow potential as a marker for slow pathway

ablation gives a high success rate (about 99%) with a selec-
tive lesion of the slow pathway, delivers few RF pulses, and
has a very low risk of complete AV block. In our experience,
among 383 patients who underwent slow pathway ablation
only one (0.26%) had complete AV block. The multicentre
European radiofrequency survey (MERFS) registry1 and
the North American Society for Pacing and Electrophysi-
ology (NASPE) survey,2 reported a higher incidence of AV
block (up to 2.1%) but most of the procedures collected in
these studies were performed at the beginning of the
experience (mainly between 1990 and 1992), before
publication of the electrogram guided technique.
However, because of the benign nature of this arrhyth-

mia it is very important to reduce the risk of AV block as
much as possible both during RF delivery and during fol-
low up.

AV block related to slow pathway ablation
AV block generally occurs during RF delivery or in the first
24 hours; however, rare cases of late AV block have been
reported.7 8 Few parameters have been proposed as predic-
tors of this complication: the anatomic site of the ablation;
occurrence of junctional rhythm either rapid or with
ventriculoatrial block during RF delivery; worsening of AV
anterograde conduction; and the extent of tissue damage.
The anatomic site is fundamental as it is important not

to deliver RF energy close to the compact AV node or His
bundle to avoid damaging them. This is generally checked,
both before and during RF delivery, using fluoroscopic
projection with catheters in the coronary sinus and in His
bundle region as landmarks for the septal area. It has been
suggested9 that the measurement of the interval between
the atrial component of the His bundle electrogram and
the atrial signal of the distal mapping catheter is an expres-
sion of the distance from the compact AV node, and thus is
a marker of risk for AV block.
The occurrence of junctional ectopy during RF ablation

of the slow pathway is common. It has been suggested to be
a response to thermal injury of the compact AV node and/or
the perinodal tissue forming the input of fast and slow
pathways. Its presence is a highly sensitive finding occurring
in about 90% of eVective sites.7 However, the presence of
faster junctional tachycardia and/or ventriculoatrial block

Heart 1998;79:534–535534

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.79.6.534 on 1 June 1998. D

ow
nloaded from

 

http://heart.bmj.com/


during junctional ectopy are generally reported as markers
predictive of complete permanent AV block10 11 but they do
not seem to be predictive for transient AV block.9 This
parameter seems to be relevant in predicting possible late
AV block as reported by Elhag et al.8

The importance of monitoring the anterograde AV con-
duction (PR and/or AH interval) during RF delivery is
obvious, as a progressive or abrupt lengthening of these
intervals may be a sign of a more extensive endocardial
damage involving the AV node or proximal His bundle.
It is very important to limit the extent of tissue damage

by minimising the number of RF applications as in some
cases they could progress beyond the border of the lesion
causing acute and late complications. To explain the possi-
ble rare late AV block two hypotheses have been proposed.
A relevant extension of fibrosis in the peripheral zone of RF
lesion and/or tissue retraction during scar formation might
explain the delayed AV conduction disturbances.12 An
alternative explanation is suggested by the demonstration
that RF energy13 results in a severe reduction in blood flow
beyond the borders of the site of coagulation necrosis
because of microvascular injury; in some cases, especially
with multiple lesions, this damage may be progressive. It is
remarkable, however, that late AV block is generally
progressive with a good escape rhythm, and no sudden
deaths have been reported.7 8

Clinical implications
Catheter ablation of AVNRTmay be performed with either
fast or slow pathway ablation; however, the latter must be
preferred because of the lower risk of complete AV block,
and the electrogram guided technique should be used to
reduce the number of RF pulses. Careful monitoring of
both anterograde and retrograde conduction during junc-
tional rhythm may be a reliable criterion for safety; if no
impairment of the conduction is present during RF deliv-
ery, generally no immediate or late permanent AV block
occurs. In contrast, if even a transient impairment of AV or
VA conduction occurs, careful follow up should be
performed because of the risk, although rare, of late AV
block.

A prospective multicentre registry is advisable to
improve understanding of the criteria that can further
increase the safety of the procedure both in the short and
long term.

F GAITA
R RICCARDI

L CALO
Division of Cardiology Hospital of Asti,
Via Botallo, 4 14100 Asti, Italy
email: cardclin@provincia.asti.it

1 Hindricks G, on behalf of the Multicentre European Radiofrequency Survey
(MERFS) Investigators of the Working Group on Arrhythmias of the
European Society of Cardiology. The multicentre european radiofrequency
survey (MERFS): complications of radiofrequency catheter ablation of
arrhythmias. Eur Heart J 1993;14:1644–53.

2 Sheinman MM. NASPE survey on catheter ablation. PACE 1995;18:1474–
8.

3 Jazayeri MH, Hempe SL, Sra JS, et al. Selective transcatheter ablation of the
fast and slow pathways using radiofrequency energy in patients with AV
nodal re-entrant tachycardia. Circulation 1992, 85:1318–28.

4 Jackman WM, Beckman KJ, McClelland JH, et al. Treatment of
supraventricular tachycardia due to AV nodal reentry by radiofrequency
catheter ablation of slow pathway conduction.N Engl J Med 1992;327:313–
18.

5 Haissaguerre M, Gaita F, Fisher B, et al. Elimination of AV nodal re-entrant
tachycardia using discrete slow potentials to guide application of radiofre-
quency energy. Circulation 1992;85:2162–75.

6 McGuire MA, de Bakker JMT, Vermeulen JT, et al. Origin and significance
of double potentials near the AV node: correlation of extracellular
potentials, intracellular potentials and histology. Circulation 1994;89:2351–
60.

7 Kalbefleish SJ, Strickberger A,Williamson B, et al. Randomized comparison
of anatomic and electrogram mapping approaches to ablation of the slow
pathway of atrioventricular node re-entrant tachycardia. J Am Coll Cardiol
1994;23:716–23.

8 Elhag O, Miller HC. Atrioventricular block occurring several months after
radiofrequency ablation for the treatment of atrioventricular nodal
re-entrant tachycardia.Heart 1998;79:616–8.

9 Hintringer F, Hartikainen J, Davies WD, et al. Prediction of AV block dur-
ing radiofrequency ablation of the slow pathway of the AV node.Circulation
1995;92:3490–6.

10 Thakur RK, Klein GJ, Yee R, et al. Junctional tachycardia: a useful marker
during radiofrequency ablation for AV node re-entrant tachcycardia. J Am
Coll Cardiol 1993;22:1706–10.

11 Jentzer J, Goyal R, Williamson B, et al. Analysis of junctional ectopy during
radiofrequency ablation of the slow pathway in patients with atrioventricu-
lar nodal re-entrant tachycardia. Circulation 1994;90:2820–6.

12 Huang S, Bhrarati S, Graham A, et al. Closed chest catheter desiccation of
the atrioventricular junction using radiofrequency energy—a new method
of catheter ablation. J Am Coll Cardiol 1987;9:349–58.

13 Nath S,Whayne JG,Kaul S, et al. EVects of radiofrequency catheter ablation
on regional myocardial blood flow. Circulation 1994;89:2667–72.

Editorial 535

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.79.6.534 on 1 June 1998. D

ow
nloaded from

 

http://heart.bmj.com/

