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1Hôpital Cardiologique du Haut Lévêque, CHU Bordeaux, Pessac 33600, France; and 2Heart Rhythm Service, Queen’s University, Kingston, ON K7L 2V7, Canada

Received 15 January 2018; accepted 20 June 2018; online publish-ahead-of-print 13 July 2018

Background Slow pathway (SP) ablation is considered to be the standard treatment for symptomatic atrioventricular nodal
reentrant tachycardia (AVNRT). This may be challenging in patients with documented PR interval prolongation due
to the potential increased risk of atrioventricular (AV) block in some patients.

...................................................................................................................................................................................................
Case Summary We report two cases of symptomatic recurrent AVNRT refractory to medical treatment with significant baseline

PR interval prolongation (304 ms and 336 ms). In both of these cases, the baseline electrophysiological study dem-
onstrated dual AV nodal physiology with a functional antegrade fast pathway and evidence for transient normalization
of the PR interval. Slow/fast AVNRT was confirmed in both cases. Slow pathway ablation was successfully performed
resulting in normalization of the PR interval to 144 ms and 168 ms with no evidence of AV block. After a mean
follow-up of 30 months, the patients remained asymptomatic with normal PR interval, no recurrence of AVNRT, and
no documentation of high degree AV block.

...................................................................................................................................................................................................
Discussion Our cases illustrate a common dilemma when dealing with patients with AVNRT and prolonged baseline interval.

We show that SP ablation is feasible and safe as long as a preserved antegrade FP is present.
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Learning points
• Catheter ablation in patients with atrioventricular nodal reentrant tachycardia and prolonged baseline PR interval is challenging and carries

a high risk of atrioventricular block.
• Defining fast pathway (FP) antegrade conduction properties is the main clue to predict its behaviour after slow pathway (SP) ablation.
• Fast pathway impairment can be partially functional due to electrotonic interactions and concealed conduction. In this case, reproducible

PR shortening can be observed before ablation. Isoprenaline and exercise testing can provide additional information about the FP
properties.

• Functional FP inhibition would resolve after SP ablation with subsequent PR shortening.
• When antegrade FP conduction is preserved, SP ablation is feasible and safe.
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Introduction

Catheter ablation is the treatment of choice for symptomatic recur-
rent atrioventricular nodal reentrant tachycardia (AVNRT).
Atrioventricular (AV) block is a rare but potentially serious complica-
tion which has been reported to occur in 1% of the cases.1 The pres-
ence of a prolonged PR interval prior to ablation may increase the
risk of AV block up to 25–30%.2,3 The mechanisms underlying PR
prolongation in the presence of a preserved antegrade fast pathway
(FP) conduction remain poorly understood. Predicting antegrade
conduction after slow pathway (SP) ablation may be challenging. We
report two cases of symptomatic recurrent AVNRT refractory to
medical treatment with a prolonged PR interval which underwent
successful SP ablation followed by immediate PR normalization. Both
patients provided a written consent.

Timeline

Case 1

A 47-year-old woman was referred to our institution 1 year after an
initial attempt of SP ablation complicated by PR prolongation. She
was still complaining of recurrent episodes of palpitations. Baseline
electrocardiogram (ECG) found an alternation between a prolonged
PR interval of 304 ms and a normal PR interval of 168 ms (Figure 1). A
narrow complex tachycardia was documented on 12-lead ECG des-
pite treatment with Verapamil and Flecainide. The tachycardia cycle
length was 328 ms. Transthoracic echocardiography (TTE) showed a
structurally normal heart. Baseline electrophysiological study (EPS)
demonstrated a normal HV interval (40 ms) and prolonged AH inter-
val (208 ms). The tachycardia was easily inducible by rapid atrial pac-
ing and atrial extrastimuli testing at a coupling interval of 600/400 ms.
Of note, no AH jump (AH discontinuity of > 50 ms during atrial pac-
ing with atrial extra-stimulus decrement of 10 ms interval) was docu-
mented. Low dose isoprenaline restored the PR interval to a normal
range (130 ms) with an AH interval of 90 ms. Pacing manoeuvres
helped to rule out the presence of concealed accessory pathway and
confirmed the diagnosis of AVNRT. Mapping of the slow and FPs was

performed during tachycardia, showing the earliest site of atrial acti-
vation at the superior septum consistent with retrograde FP activa-
tion. Ablation was performed posterior to the triangle of Koch based
on an electrophysiological approach targeting SP potentials as
described by Haissaguerre et al.4 During ablation, a junctional rhythm
was induced followed by PR normalization with a PR interval of
144 ms (Figure 2). Following ablation, the FP effective refractory
period (ERP) was 600/570 ms, and the antegrade Wenckebach point
was at 400 ms. Follow-up at 26 months showed no recurrence of
tachycardia or significant AV block and maintenance of normal PR
interval.

Case 2

An 80-year-old man, with a history of hypertension presented
with a history of recurrent palpitations despite treatment with
beta blockers. Baseline ECG showed a prolonged PR interval
(336 ms) which was alternating with normal PR interval of
168 ms and intraventricular conduction abnormalities in the
form of right bundle branch block and left anterior hemiblock
(Figure 1). Spontaneous Wenckebach phenomenon was noticed
at the 24-h Holter monitoring. ECG during palpitations ECG
during palpitations showed a wide complex tachycardia with a
heart rate of 120 b.p.m., the same ventricular morphology as
during sinus rhythm and no evidence for retrograde P wave.
Transthoracic echocardiography showed a structurally normal
heart. The EPS showed a prolonged AH interval (236 ms) and a
normal HV interval (46 ms). The tachycardia was easily inducible
by atrial burst pacing at a cycle length of 400 ms. An interesting
phenomenon of PR shortening after atrial premature complex
(APC) was reproducible (Figure 3). Programmed atrial pacing
with atrial extrastimuli reproducibly shortened the PR interval
to a normal range. A similar approach as mentioned previously
was used, allowing successful SP ablation with PR shortening
(post-ablation PR: 168 ms). The EPS post-ablation found ante-
grade ERP of 600/540 ms and a Wenckebach point at 600 ms.
The patient did well after the procedure with no recurrence of
the tachycardia. Treadmill test performed 33 months later
showed a normal adaptation of the PR interval with no high de-
gree block; Wenckebach phenomenon without high degree
block was still notable at rest and during the 24-h Holter
monitoring.

Discussion

Dual nodal physiology is a main property of the atrioventricular node
(AVN) that results from longitudinal dissociation of the slow and the
FPs.5 Nevertheless, certain physiological properties of the AVN con-
tinue to remain somewhat elusive resulting in this fundamental struc-
ture being described by Zipes.D as ‘a riddle wrapped in a mystery
inside an enigma’.

Atrioventricular nodal reentrant tachycardia in patients with a sig-
nificantly prolonged PR interval is uncommon occurring in less than
3% of the cases. The reasons for PR prolongation in patients with
AVNRT and preserved antegrade FP conduction are not fully under-
stood and predicting antegrade conduction in this group after SP

Clinical

presentation

• Palpitations refractory to medical interventions
• Long PR at baseline
• Recurrent surpra-ventricular tachycardias

requiring medical intervention

Interventions • Confirm the typical atrioventricular nodal

reentrant tachycardia by pacing maneuvers
• Demonstrate the presence of dual nodal

physiology with a preserved conduction through

the fast pathway
• Ablation targets the slow pathway in sinus rhythm

with continuous monitoring of the A-V conduction

Result and

outcome

• No adverse events
• Normalization of the PR interval
• No arrhythmia recurrence during the follow-up
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..ablation is challenging. We considered that FP conduction is pre-
served in the presence of dual nodal physiology with long episodes of
normal PR interval. PR normalization after isoprenaline infusion or
during exercise testing provide additional clue in favour of preserved
antegrade conduction properties of the FP. These tests may be help-
ful to stratify the risk of AVB in the presence of prolonged baseline
PR interval.

Potential explanations of PR prolongation in this population
include:

(1) Preferential conduction over the SP in the presence of impaired
FP antegrade conduction. These patients tend to exhibit two
relatively distinct PR intervals representing alternating antegrade
conduction over the FP and SP following atrial or ventricular
premature complexes. These patients uncommonly present

with AVNRT due to the presence of more extensive FP disease.
In these cases, SP ablation had an associated high risk of
AV block and retrograde FP ablation can be considered as
alternative.6,7

(2) Preferential SP conduction in the presence of preserved FP ante-
grade conduction. Although the exact mechanism of these are
not completely understood, electrotonic interactions are pro-
posed as an important contributing factor.8–10 In fact, the SP con-
duction may inhibit conduction via the FP by affecting the local
recovery properties. This may result in concealed conduction
through the FP that will further prolong its refractory period.
This phenomenon was unmasked in Case 2 by concealed APC
which prolongs the post-depolarization refractoriness and subse-
quently the SP refractory period.11 Resetting of the AV nodal
conduction properties is then associated with a normal PR due to
the conduction via the FP. Autonomic tone may also modulate

Figure 1 (A and B) refer respectively to Cases I and II. Baseline ECG shows a prolonged PR interval in both cases with intraventricular conduction
abnormalities in B (right bundle branch block and anterior hemiblock). ECG during tachycardia is highly suggestive of slow/fast atrioventricular nodal
reentrant tachycardia (AVNRT) in both cases. Slow pathway ablation resulted in normal PR interval with no longer inducible tachycardia. (Paper
speed is 25 mm/s.)
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..conduction via the AVN and contributes to an alternation in
the PR interval. Electrotonic interactions would resolve after SP
ablation with subsequent PR shortening.

In the cases which we present, PR prolongation may be the result
of all these interactions in patients with potentially impaired FP (ei-
ther by previous ablation or by conduction tissue degeneration).

The results of catheter ablation in patients with AVNRT and
prolonged baseline PR interval were reported in few studies.
Natale et al.12 included seven patients with a mean baseline PR
interval of 280 ms. Slow pathway ablation successfully eliminated
the arrhythmia and shortened the PR to 230 ms in five patients.
Lee et al.7 reported 14 cases with prolonged AH interval of
(172 ± 18 ms). Slow pathway was ablated in eight cases, and FP was
ablated in the remaining cases. No PR shortening was noticed in
both groups. After a mean follow-up of 25 months, one patient
receiving SP ablation developed 2/1 AV block requiring a pace-
maker. Pasquié et al.13 studied 10 patients with slow fast AVNRT
and moderately prolonged PR (222 ms ± 15 ms). Slow pathway ab-
lation was associated with a transient complete AVB in two
patients and a PR prolongation from 220 ms to 320 ms in one pa-
tient. The PR interval was unchanged in the remaining cases.

After a mean follow-up of 39 months, no patient presented with
an AV block necessitating the implantation of a permanent pace-
maker. In some reports, no PR interval shortening occurred attesting
a previous conduction via the FP,2 and in other reports, SP ablation
was complicated by immediate14 or delayed AV block.3,15 Of note,
dual nodal physiology could not be demonstrated in all cases
described in the literature.

In our cases, SP ablation was safe with PR shortening and long-
term freedom from high degree AV block. We preferred an electro-
physiological approach targeting SP potential due to the higher risk of
AV block in this population. Other authors adopted an anatomical
approach with similar results.12 The presence of preserved antegrade
FP conduction is a key point. We believe that SP ablation may be safe
and feasible in patients with recurrent AVNRT and baseline pro-
longed PR interval as long as the FP is partially functionally impaired
and maintains a preserved antegrade conduction.

Conclusion

The association of AVNRT with prolonged PR interval is rare. The
pathophysiological mechanisms remain scarcely enlightened. Slow

Figure 2 (A) Slow pathway potential recorded at the distal electrodes (Abl 1–2) of the ablation catheter; (B) Left anterior oblique (LAO) 30�

fluoroscopic view showing the site of successful ablation corresponding to the site of the slow pathway potential; (C) Ablation at the site shown in (B)
shows a prolonged PR interval at start (288 ms), a junctional rhythm was induced followed by a PR shortening to 144 ms when the ablation was
stopped. The star refers to the His bundle location. Abl, ablation catheter; CS, coronary sinus; HRA, high right atrium; SP, slow pathway.
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Figure 3 (A) 12-lead ECG with amplification of lead DI shows a PR shortening after an atrial premature complex (APC), PR is then prolonged pro-
gressively until 336 ms; (B) The corresponding endocavitary signals of the three first beats demonstrate that PR interval actually follows a concealed
atrial premature complex that resetted the atrioventricular node and allowed conduction via the fast pathway with subsequent AH shortening.
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..pathway ablation may be feasible and safe as long as a preserved ante-
grade FP with evidence for normal PR interval before ablation are
present.

Consent: The authors confirm that written consent for submis-
sion and publication of this case report including images and associ-
ated text has been obtained from the patients in line with COPE
guidance.

Conflict of interest: none declared.
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