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Background The delayed effect of radiofrequency (RF) ablation was described in cases of accessory pathway and premature
ventricular contraction ablation, as well as delayed atrioventricular (AV) block after slow pathway ablation.

...................................................................................................................................................................................................
Case summary We report a case of a female patient with AV nodal re-entry tachycardia (AVNRT), in whom the first electrophysi-

ology study ended with acute failure of slow pathway ablation, despite using long steerable sheath, both right and
left-sided ablation with >15 min of RF energy application and repeatedly achieving junctional rhythm. Six weeks
afterwards, during scheduled three-dimensional electroanatomical mapping procedure, there was no proof of dual
AV nodal conduction nor could the tachycardia be induced. Also, the patient did not have palpitations between
the two procedures nor during the 12-month follow-up period.

...................................................................................................................................................................................................
Discussion This case illustrates that watchful waiting for delayed RF ablation efficacy in some cases of AVNRT ablation could

be reasonable, in order to reduce the risk of complications associated with slow pathway ablation.
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Introduction

Electrophysiology study (EPS) with catheter ablation is a treatment of
choice of paroxysmal supraventricular tachycardia according to cur-
rent guidelines.1 Slow pathway ablation using radiofrequency (RF) en-
ergy for treatment of atrioventricular (AV) nodal re-entry
tachycardia (AVNRT) has a high acute and chronic success rates as
well as low complication rates.1 Although the possibility of a delayed
RF efficacy is a well-known phenomenon, especially in ventricular ar-
rhythmia ablation, it was not described in case of a slow pathway ab-
lation so far.2,3We report a case of a female patient with AVNRT, in
whom the 1st EPS ended with acute failure of slow pathway ablation,

Learning points

� Radiofrequency (RF) ablation produces the region of acute ne-
crosis which fits the size of the catheter tip, while the extent of
tissue injury is larger within the border zone.
� Delayed efficacy of RF ablation is described in cases of acces-
sory pathway and premature ventricular contraction ablation.
� Waiting for delayed RF ablation efficacy during slow pathway
ablation could be reasonable, especially in difficult cases, in order
to reduce the risk of complications associated with aggressive
approach.

* Corresponding author. Tel: þ385 1 3787 733, Email: ivanzeljkov@gmail.com
Handling Editor: Philipp Sommer
Peer-reviewers: Konstantinos Iliodromitis and Nikos Papageorgiou
Compliance Editor: Linh Ngo
Supplementary Material Editor: Vassilios Parisis Memtsas
VC The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

European Heart Journal - Case Reports CASE REPORT
doi:10.1093/ehjcr/ytaa489 Arrhythmias/electrophysiology

http://creativecommons.org/licenses/by-nc/4.0/


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
however during the 2nd procedure the delayed RF efficacy was noted
resulting in no proof of dual AV nodal conduction nor the tachycardia
could be induced.

Timeline

Case presentation

A 22-year old female Caucasian underwent an EPS due to episodes
of palpitations with 12-lead electrocardiogram (ECG) documented
regular, narrow QRS-complex tachycardia. Baseline ECG showed
normal sinus rhythm without ventricular pre-excitation. Her medical
history revealed no significant comorbidity. Physical examination on
admission was without any pathology. Echocardiography done prior
to the EPS showed structurally normal heart.

An EPS was performed with the patient in a non-sedated state.
Quadripolar diagnostic catheters JSN 5F (St. Jude Medical, St. Paul,
MN, USA) were positioned in right ventricular apex and His area, and
steerable decapolar catheter EZ Steer (Biosense Webster, Diamond
Bar, CA, USA) was positioned into coronary sinus. At baseline, sinus
cycle length, AH and HV intervals were within normal range.

During the EPS, existence of dual AV nodal physiology was found
(jump noted at programmed pacing interval 500/260 ms from the
right atrium with the echo beat) and clinical narrow QRS tachycardia
was induced during programmed stimulation of right atrium.4 The
diagnosis of typical (slow-fast) AVNRT was made using standard
manoeuvres: overdrive stimulation from the right ventricle (VAV pat-
tern, post-pacing interval—tachycardia cycle length > 115 ms,
ventriculo-atrial interval < 30 ms) (Figure 1A and B).5,6 Despite using
long steerable sheath (AgilisTM NxT, Abbot) and both right and left-
sided (using antegrade approach), multiple RF ablations reaching total
of >15 min of RF energy application (temperature controlled mode,
50 W, 60�C) in the triangle of Koch region, with 4-mm tip non irri-
gated catheter (Blazer II Standard Curve, Boston Scientific, USA) as
well as achieving junctional rhythm repeatedly (>10 min in total)
(Figure 2), AVNRT was still inducible. AV junctional tachycardia was

excluded with overdrive pacing from the right atrium (Figure 3), there
was still evidence of dual AV node physiology, while diagnosis of
AVNRT was repeatedly proven with right ventricular overdrive pac-
ing4–6 Six weeks later, repeated EPS using three-dimensional electro-
anatomical mapping system was scheduled due to AVNRT
inducibility at the end of the 1st procedure. During the repeated pro-
cedure, there was no sign/proof of conduction through the slow
pathway nor could AVNRT be induced neither in the baseline set-
tings nor during isoproterenol infusion (up to 16 mg per minute)
(Figure 4A and B). Hence, the procedure was aborted. In addition, the
patient did not have any palpitations between the two EPS.
Moreover, the patient, with no antiarrhythmic drug prescribed, did
not have palpitations during 12-month follow-up period after the 2nd
EPS or any tachycardia on 7-day Holter-ECG done 12 months after
the 2nd EPS.

Discussion

We presented a case of a patient with AVNRT with acute failure of
slow pathway ablation despite aggressive approach during the 1st
EPS and a delayed RF ablation efficacy noted 6 weeks later, during the
2nd procedure. To the authors’ best knowledge, this is the first re-
port of a delayed RF efficacy in a case of a slow pathway ablation. On
the other hand, the delayed RF ablation efficacy was described in
cases of fast-pathway, accessory pathway and premature ventricular
contractions (PVC) ablation, including ones with para-His origin.2,3,7–

10 This could be explained by the fact that RF energy causes resistive
heating of tissue consequently producing the region of acute coagula-
tion necrosis which corresponds to the size of the catheter tip, while
the extent of tissue injury is larger within the border zone of viable
myocardium.10,11 Secondary inflammatory response with ischaemia
consequent to microvascular damage causes progression of tissue in-
jury within the border zone.11 In addition to modalities used during
the 1st procedure, we could have used irrigated RF catheter or bipo-
lar ablation which causes deeper lesions, however with higher risk of
AV node and/or His-bundle damage. We surmise that delayed exten-
sion of the RF lesion damages the pathway conduction and/or PVC
focus.7–11 Moreover, there are several studies indicating that RF abla-
tion can have delayed proarrhythmic potential.7,8 However, RF abla-
tion of slow pathway in patients with prolonged PR interval was
reported to be safe and feasible during short and mid-term follow-
up, with a significant improvement in antegrade fast pathway conduc-
tion properties in some cases.12,13 In addition, there is data on
delayed occurrence of high-degree AV block after RF ablation of
slow-pathway with incidence of approximately 1.5% which is 3-time
higher than that in the general population in very long-term follow-
up (>10 years).14 If this is a consequence of delayed RF efficacy or it
has other pathophysiological explanation, remains unknown.
Nonetheless, this could mean that watchful waiting for delayed RF
ablation efficacy could be reasonable in some cases, in order to avoid
excessive ablation in Koch’s triangle and reduce the risk of complica-
tions during slow pathway ablation. Also, stepwise approach is advis-
able: standard setup with focal RF ablation, followed by long
deflectable sheath usage and left-sided ablation with transseptal/ante-
grade approach, and three-dimensional mapping system in the end or
during 2nd procedure, especially if the 1st procedure is long-lasting,

Clinical

presentation

Repeated palpitations with ‘on-off’ phenomenon

for the last 4 years þ narrow QRS tachycardia

documented in the 12-lead electrocardiogram

(ECG)

Index date First procedure—conventional electrophysiology

(EP) study: atrioventricular nodal re-entry tachy-

cardia proven with acute failure of slow pathway

ablation

6 weeks Second procedure—three-dimensional mapping

catheter þ conventional EP study: no signs of

dual AV nodal conduction þ no tachycardia

inducible

6 months No palpitations

12 months No palpitations, no tachycardia on 7-day Holter-

ECG

2 I. Zeljkovi�c et al.
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while we discourage the use of irrigated RF catheter and/or bipolar
ablation in the Koch’s triangle due to AV node and His-bundle vicinity
and consequently high complication risk.

Moreover, this could also require the need for AV node conduc-
tion monitoring in long-term follow-up due to possibility of high-
degree AV block, despite not having any AV node conduction distur-
bances during EPS.1,14
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