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Introduction

Radiofrequency (RF) ablation of either
the fast or the slow pathway in atrioventric-
ular nodal reentrant tachycardia (AVNRT)
was introduced in the early 1990s1-4. Both
methods have a high success rate and only
a few complications. As the procedures re-
quire the delivery of energy close to the
atrioventricular (AV) node and the His bun-

dle, one possible complication is II-III de-
gree AV block.

AV block can be elicited by different
mechanisms5-15: a) inadvertent damage to
the AV node or His bundle; b) a lesion of
both the fast and slow pathways during se-
rial attempts at ablation of both pathways;
c) damage to the fast pathway during abla-
tion of the slow pathway in cases in which
the two pathways are abnormally close to

Key words:
Ablation;
Atrioventricular block;
Radiofrequency;
Reentry; Tachycardia.

© 2002 CEPI Srl

Received July 11, 2002;
revision received
November 11, 2002;
accepted November 14,
2002.

Address:

Dr. Pietro Delise

Via Felisati, 66
30171 Mestre (VE)
E-mail: pdelise@
ulss7pieve.veneto.it

Radiofrequency ablation of atrioventricular
nodal reentrant tachycardia: the risk of
intraprocedural, late and long-term
atrioventricular block. The Veneto Region
multicenter experience
Pietro Delise, Nadir Sitta, Franco Zoppo*, Leonardo Corò, Roberto Verlato**,
Roberto Mantovan***, Luigi Sciarra, Pietro Cannarozzo, Mauro Fantinel§, Aldo Bonso§§,
Emanuele Bertaglia*, Daniele D’Este* 

Cardiology Unit, Civic Hospital, Conegliano (TV), *Cardiology Unit, Civic Hospital, Mirano (VE),
**Cardiology Unit, Civic Hospital, Camposampiero (PD), ***Cardiology Unit, Regional Hospital, Treviso,
§Cardiology Unit, “S. Maria del Prato” Civic Hospital, Feltre (BL), §§Cardiology Unit, Umberto I Hospital,
Mestre (VE), Italy

Background. Radiofrequency ablation of either the fast or the slow pathway in atrioventricular
nodal reentrant tachycardia (AVNRT) can be complicated by transient or permanent atrioventricu-
lar (AV) block. Little is known about the possibility of AV block occurring during the first weeks af-
ter the procedure and nothing about the risk of AV block during the long-term follow-up.

Methods. To clarify these latter points, from February 1990 to December 2000 we enrolled 510 con-
secutive patients (56 males, 454 females, mean age 55 ± 16 years) with AVNRT. The target of ablation
was the fast pathway in 29 patients (group A) and the slow pathway in 474 (group B), while in 7 (group
C) the slow pathway was targeted after unsuccessful fast pathway ablation. Follow-up was available
for 488/510 (95.6%). The length of follow-up was 8.2 ± 2.4 years in group A, 3.4 ± 2.4 years in group B
(83 group B patients had a follow-up > 6 years: 7.3 ± 0.8 years), and 7.3 ± 2.4 years in group C.

Results. The success rates were 93, 99 and 100% in the three groups respectively. Intraprocedur-
al II-III degree AV block occurred in 6/29 patients (20%) of group A, in 11/474 patients (2.3%) of
group B and in 3/7 patients (42%) of group C. In all patients of groups A and C, the II-III degree AV
block was transient. In contrast, in 6/474 patients of group B (1.2%, 2 II degree and 4 III degree AV
block) the block still persisted at the end of the procedure. Within 7 days of the procedure, a late per-
sistent II-III degree AV block developed in 1/29 patients (3.4%, 1 III degree) of group A, in 1/474 pa-
tients (0.2%, 1 II degree) of group B and in 0/7 patients of group C. In 1 out of 6 patients of group B
who developed an intraprocedural persistent AV block, 1:1 conduction resumed within the first week.
A definitive pacemaker was implanted for permanent III degree AV block in 1/29 patients of group A
(3.4%), in 4/474 patients (0.8%) of group B and in 0/7 patients of group C. In the remaining 2/474
group B patients with permanent II degree AV block, a pacemaker was not implanted. During follow-
up, no patient presented with a II-III degree AV block related to the ablation. In group B, 2 patients
received a pacemaker implant for reasons unrelated to the ablation (1 sick sinus syndrome, 1 pro-
gressive intraventricular conduction disease).

Conclusions. The risk of permanent AV block in patients who undergo fast or slow pathway abla-
tion is low and limited to the procedure or to the days immediately after the procedure, and there is
no risk of II-III degree AV block during long-term follow-up.
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one another (approximately 8% according to some au-
thors)12; d) simple damage to the slow pathway in cas-
es in which the fast pathway has no anterograde con-
duction and it is only able to conduct retrogradely. This
latter phenomenon (about 3% of cases) can be suspect-
ed when a long PR interval is recorded in the basal
state12-14. 

Moreover, according to some authors, transient or
permanent II-III degree AV block can develop within 1
month of the procedure, owing to the damage produced
by RF energy inadvertently delivered to the tissue sur-
rounding the lesion16,17. 

Finally, AV block might develop during long-term
follow-up owing to the anatomic evolution of the acute
lesion. With regard to this point, no data are currently
available. 

The purpose of the present study was to establish
the risk of AV block in patients undergoing RF ablation
for AVNRT, with particular reference to the onset of
late and long-term AV block.

Methods

From February 1990 to December 2000, we en-
rolled a total of 510 consecutive patients (56 males, 454
females mean age 55 ± 16 years) in six centers located
in the Veneto Region of Italy (Conegliano, Cam-
posampiero, Feltre, Mestre, Mirano, Treviso). All pa-
tients underwent RF ablation for common AVNRT. Be-
fore ablation all patients were submitted to an echocar-
diogram and, when required, an effort test. Four hun-
dred and three out of 510 patients (79%) had no heart
disease, 57/510 patients (11%) had mitral valve pro-
lapse, 40/510 patients (8%) had hypertensive heart dis-
ease, and 10/510 patients (2%) had mild aortic insuffi-
ciency. 

Patients were divided into three groups according to
the target of ablation. In 29 patients (group A) the fast
pathway was targeted in one or more sessions. In 474
patients (group B) the slow pathway was targeted in
one or more sessions. In 7 patients (group C) first the
fast pathway was targeted and subsequently the slow
pathway was targeted in a different session. Multiple
sessions were undertaken if initial attempts were un-
successful or if the arrhythmia relapsed.

In group A, 7/29 patients (24%) underwent more
than 1 session (mean 1.24 sessions/patient). In group B,
24/474 patients (5%) necessitated more than 1 session
(mean 1.05 sessions/patient). In group C, 7/7 patients
were submitted to two or more sessions (mean 2.4 ses-
sions/patient). The final acute success rates were 92, 99
and 100% in the three groups respectively. 

Electrophysiologic study and fast and slow pathway
ablation were performed according to standard criteria
and previously described techniques12,18,19. Briefly, fast
pathway ablation was performed by first placing the
catheter at the site where the highest His bundle poten-

tial was recorded. The catheter was then withdrawn by
about 1 cm until the A/V ratio was > 1. Slow pathway
ablation was achieved by positioning, under fluoro-
scopic guidance in the right anterior oblique view, the
ablating catheter near the ostium of the coronary sinus
in the zone of low-frequency, fractionated, slow-poten-
tial recordings. At this site, the bipolar electrogram
from the distal pair of electrodes recorded an A/V ratio
< 1:2. If the application was not successful, the catheter
was repositioned progressively higher along the tricus-
pid annulus in a continued attempt to ablate the slow
pathway. The ablation site was preferably chosen
where the slow potentials described by Haissaguerre et
al.1 and by Jackman et al.4 were recorded. 

The protocol of RF energy ablation included the
achievement of a temperature of at least 50-60°C for
30-60 s and, if possible, the eliciting of a low-rate junc-
tional rhythm. The first 20 cases (all were submitted to
fast pathway ablation) were treated without tempera-
ture control, because at that time this technology was
not available. RF delivery was stopped: if a non-retro-
gradely conducted junctional rhythm was suspected
during slow pathway ablation; if the PR interval in-
creased by > 50% during fast pathway ablation, or if a
rapid junctional rhythm or a II-III degree AV block oc-
curred during either procedure.

RF ablation was considered effective when, 30 min
after the last energy delivery: 1) AVNRT was no longer
inducible, either in the basal state or after isoproterenol
infusion; 2) after slow pathway ablation, no more than
a single AV node echo beat was inducible, either in the
basal state or after isoproterenol infusion; 3) after fast
pathway ablation, ventriculo-atrial dissociation or a
low-frequency retrograde Wenchebach phenomenon
was observed during ventricular pacing. 

A transient intraprocedural block was defined as a
block which occurred during the energy delivery but
disappeared before the end of the procedure. A persis-
tent intraprocedural block was defined as a block
which occurred during the energy delivery and was
still present at the end of the procedure. A late AV
block was defined as a block which occurred during
the first week after the procedure. A late transient AV
block was defined as a block which disappeared be-
fore the end of the first week after the procedure while
a late persistent AV block was defined as a block
which persisted beyond the end of the first week after
the procedure.

Follow-up. Follow-up included serial clinical exami-
nations or, when the patient lived too far from the cen-
ter where ablation had been performed, the pertinent
data were obtained by means of telephone interviews.
In this latter case, the electrocardiogram was recorded
in another center and sent to us by fax. 

Follow-up data were available for 488/510 (95.6%)
patients; that is, for all patients of groups A and C and
for 452/474 (95.3%) of group B.
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Follow-up lasted 8.2 ± 1.2 years in group A, 3.4 ±
2.4 years in group B and 7.3 ± 2.4 years in group C. In
group B, 83 patients (group B1) were followed for at
least 6 years (7.3 ± 0.8 years), 135 patients (group B2)
for 3-6 years (4.5 ± 0.8 years) and 234 patients (group
B3) for < 3 years (1.4 ± 0.8 years). 

Results

Intraprocedural II-III degree atrioventricular
block (Table I). Transient II-III degree AV block oc-
curred in 6/29 patients (20%, 2 II degree and 4 III de-
gree) of group A, in 5/474 patients (1%, 1 II degree, 4
III degree) of group B and in 3/7 patients (43%, 1 II de-
gree and 2 III degree) during fast pathway ablation in
group C. In all cases, AV block disappeared after a
mean of 18 s (range 1.8-120 s). 

Persistent II-III degree AV block occurred in no pa-
tient of group A, in 6/474 patients (1.2%, 2 II degree
and 4 III degree) of group B and in no case in group C. 

None of the first 20 patients in whom the tempera-
ture was not monitored presented with a persistent AV
block.

Late II-III degree atrioventricular block (Table I).
Transient late AV block occurred within the first week
after an uncomplicated procedure in 1/29 patients
(3.4%) in group A, in 0/474 patients in group B and in
0/7 patients in group C. 

One group A patient who had a transient intraproce-
dural III degree AV block developed a persistent late III
degree AV block 2 days after the procedure, and 1
group B patient who had a transient acute III degree AV
block during slow pathway ablation developed a per-
sistent late II degree AV block in the days after the pro-
cedure.

Correlation between intraprocedural and late II-III
degree atrioventricular block. Acute transient II-III
degree AV block was a frequent complication in fast
pathway ablation, which occurred in 6/29 patients of
group A and in 3/7 patients of group C; however, only in
1/9 patients (11%) was it followed by late persistent
chronic AV block. In contrast, acute transient II-III de-
gree AV block was a rare complication during slow path-
way ablation, which occurred in 5/474 patients of group
B and in 0/7 patients of group C; in 1/5 patients (20%)
was it followed by late persistent chronic AV block.

Acute persistent II-III degree AV block occurred
during the procedure in 6/474 patients of group B and
in 5 of them the block was still present after 1 week
(Table I). In the remaining 1/6 cases, 1:1 AV conduction
spontaneously restored.

In summary, a chronic II-III degree AV block (per-
sisting after 1 week) occurred in 1/29 cases (3.4%) of
group A, in 6/474 patients (1.2%) of group B and in 0/7
patients of group C. Pacemaker implantation for III de-
gree AV block was required for 1/29 patients (3.4%) in
group A, for 4/474 patients (0.8%) in group B and for
0/7 patients in group C. Two group B patients with II
degree AV block did not receive an implant. This deci-
sion was taken in view of a good heart rate at rest and
during effort.

The patients who had a transient or persistent II-III
degree AV block did not differ from those in whom this
complication did not occur with regard to age (53 ± 17
vs 55 ± 16 years, p = NS), the presence of heart disease
(3/23 vs 104/497, p = NS) or the number of pulses
which were delivered (5 ± 5 vs 4.9 ± 6, p = NS). In
group A, III degree AV block was preceded by a pro-
gressive lengthening of the PR interval. In the 4 patients
of group B in whom III degree AV block was induced,
it occurred suddenly and was preceded by one or more
non retrogradely conducted junctional beats. Of note,
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Table I. In-hospital data.

Group A Group B Group C
(n=29) (n=474) (n=7)

Age (years) 56 ± 16 51 ± 15 52 ± 18
> 1 procedure 7 16 7
Intraprocedural II-III degree AV block 6 (20%) 11 (2.3%) 3 (43%)

Transient 6 5 3
Persistent – 6 –

II degree – 2 –
III degree – 4 –

II-III degree AV block in the first week 2 (6.8%) 1 (0.21%) –
Transient 1 – –
Persistent 1 1 –

II degree – 1 –
III degree 1 – –

Chronic II-III degree AV block 1 (3.4%) 6 (1.2%) –
II degree – 2 (0.8%) –
III degree 1 (3.4%) 4 (0.8%) –

AV = atrioventricular.



despite the prompt interruption in energy delivery
(within 1.5-3 s after the first blocked P wave), the AV
conduction was irreversibly blocked (Fig. 1). 

Long-term follow-up (Table II). In all 7 patients who
still had a II-III degree AV block 1 week after the
procedure, this persisted during follow-up. In particu-
lar, the 2 patients with a II degree AV block in whom a
pacemaker was not implanted owing to the good heart
rate continued to have a satisfactory heart rate and to be
asymptomatic. In addition, one further patient of group
B (slow pathway ablation) developed a right bundle
branch block with left axis deviation 8 years after the
procedure and subsequently a 2:1 AV block which re-

quired pacemaker implantation. In another group B pa-
tient, a pacemaker was implanted because she devel-
oped sick sinus syndrome. One group A patient died
suddenly of causes unrelated to the procedure and 1
group B patient died suddenly of unknown causes. Two
group C patients died of accidental trauma 2 and 3
months after the procedure respectively.

Discussion

AV block is a possible complication of both fast and
slow pathway ablation performed in patients suffering
from AVNRT. 

718

Ital Heart J Vol 3 December 2002

Figure 1. Acute persistent III degree atrioventricular block occurring during slow pathway ablation. The block occurred at a temperature of 45°C. Nine
rapid junctional beats can be observed just before the occurrence of the block. The first three beats were retrogradely conducted (G) while the subse-
quent ones were not. Note that between the first non-retrogradely conducted junctional beat and the interruption of radiofrequency delivery, the delay
was just 2019 ms.

Table II. Follow-up data.

Group A Group B Group C
(n=29) (n=474) (n=7)

Follow-up (years)
Drop-outs 0 22 0
Mean 8.2 ± 2 3.4 ± 2.4 7.3 ± 2.4
Range 1-11 0.15-8.7 2.2-10

II-III degree AV block 0 1 0
Pacemaker implantation 0 2 –
Deaths

Sudden cardiac death 1 (8.5%)* 1 0
Accidental trauma 0 0 2
Non-sudden cardiac death 2 0 0
Non-cardiac death 1 1 0

AV = atrioventricular. * = ventricular fibrillation during dialysis.



The incidence of intraprocedural persistent III degree
AV block requiring pacemaker implantation is rare with
both techniques and has steadily declined over time as
the cardiologists’ experience increased. The incidence of
persistent III degree AV block requiring pacemaker im-
plantation is lower during slow pathway ablation than
during fast pathway ablation. For example, the Multi-
center European Radiofrequency Survey (MERFS
study)5 reported incidences of acute III degree AV block
equaling 5.3 and 2% with the two techniques respective-
ly. In the same MERFS study, the incidence of block was
lower in those centers in which the techniques had been
performed for a longer time (3.1 and 1.5% during fast
and slow pathway ablation respectively). An even lower
incidence of acute AV block (0-1%) with both tech-
niques has been reported in some recent studies16,18. In
our series, it was 3.4% (2.7% considering both patients
of groups A and B) vs 0.8%. The relatively high inci-
dence of AV block due to fast pathway ablation in our se-
ries can be explained by the limited number of our pa-
tients (1 block in only 36 cases). In accordance with most
authors, even our series confirms that slow pathway ab-
lation is burdened by only a low risk (< 1%) of III degree
permanent block. Nevertheless, its incidence may be fur-
ther reduced by performing ablation under the guidance
of pacemapping of the Koch’s triangle12. Indeed, this
technique enables us to identify those patients with close
fast and slow pathways and those with anterograde con-
duction only via the slow pathway. In all such cases, slow
pathway ablation based only on an anatomical approach
carries a high risk of inadvertent AV block. 

Transient acute AV block is significantly more fre-
quent during fast than during slow pathway ablation
(20-43 vs 1% in our experience). However, with both
methods, the subsequent development of late II-III de-
gree AV block is rare. Indeed, only 1/9 patients who a
had a transient II-III degree AV block during fast path-
way ablation developed a late III degree AV block re-
quiring pacemaker implantation. Similarly, only 1/5
patients who had a transient II-III degree AV block dur-
ing slow pathway ablation developed a late sporadic II
degree AV block which, however, did not necessitate
pacemaker implantation. Some authors16,17 suggest that
a transient late II-III degree AV block may occur even
after a successful uncomplicated procedure. Clague et
al.16 and Perlagonio et al.17 respectively described this
complication in 0.26 and 0.5% of patients submitted to
slow pathway ablation. In both series, the block re-
sumed within 1 or 2 weeks, suggesting a transient ede-
ma involving the AV node. Other authors20 suggest al-
ternative mechanisms such as vascular injury. In our se-
ries, this transient phenomenon occurred in only one of
36 patients (2.7%) who underwent fast pathway abla-
tion and in none of those who were submitted to slow
pathway ablation. 

An unresolved issue is the long-term follow-up of
patients who undergo fast or slow pathway ablation
and, in particular, their risk, owing to an anatomic evo-

lution of the acute lesion caused by the RF energy, of
developing II-III degree AV block many years after the
procedure.

The incidence of AV block during long-term follow-
up was investigated by Clague et al.16, who, over a
mean period of 20.6 months, reported a single case
(0.26%) of definite complete AV block requiring pace-
maker implantation 1 month after an uncomplicated
procedure. 

Our study included 510 consecutive patients en-
rolled from February 1990 to December 2000; these
were followed for a maximum of 11 years, with means
of 8.2, 3.4 and 7.9 years for groups A, B and C respec-
tively. Furthermore, 83 group B patients had a mean
follow-up of 7.3 years. 

During long-term follow-up, we did not observe any
case of AV block related to the ablative procedure. In
particular, none of the patients who had a transient II-
III degree AV block during or soon after the procedure
developed II-III degree AV block during long-term fol-
low-up. One group B patient, a 70-year-old man, de-
veloped a 2:1 AV block which was probably related to
a progressive disease of the intraventricular conduction
system. We cannot exclude damage to the His bundle at
the time of ablation, but it seems unlikely because in
this patient the energy was strictly delivered to the pos-
terior surface of the Koch’s triangle. Two sudden deaths
occurred during follow-up, one (in group A) due to ven-
tricular fibrillation during dialysis and the other (in
group B) of unknown causes. No patient presented with
syncope attributable to paroxysmal AV block. In the
small series of group C (serial fast + slow pathway ab-
lation) 2 patients died of accidental trauma within a few
months of the procedure. With regard to these cases, we
cannot exclude that an episode of syncope due to a
paroxysmal AV block occurred. 

In conclusion, the risk of permanent III degree AV
block during fast and/or slow pathway ablation is low.
The occurrence of a permanent block during the first
few days following the procedure is also rare and limit-
ed to patients who present with an intraprocedural tran-
sient AV block. Neither is there any risk of II-III degree
AV block during long-term follow-up for patients who
undergo fast or slow pathway ablation including those
who suffer a transient AV block during or soon after the
procedure. 

The interpretation of the follow-up data of patients
undergoing serial fast and slow pathway ablation is un-
certain. For this reason, some authors5 suggest that,
whenever possible, this method should be avoided. 

Study limitations. This multicenter study is a retro-
spective study which assembled the data of many cen-
ters. As a consequence, the various centers differed in
the management of patients and in the collection of da-
ta. It follows that some evaluations were not possible
because not all data were available. This limit however
is counterbalanced by the fact that, thanks to the large
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number of centers which participated in the study, the
reported data realistically represent the incidence of AV
block due to RF ablation of AVNRT in the Veneto Re-
gion.
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