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Abstract: Atrioventricular nodal reentrant tachycardia (AVNRT) is the most common,
highly symptomatic paroxysmal supraventricular tachycardia. Despite pharmacological treat-
ment and vagal maneuvers for acute termination, catheter ablation has emerged as the first
line treatment for the cure of AVNRT episodes. Several studies during recent years have
investigated the efficacy, safety and long-term effect of both radiofrequency ablation and
cryoablation of the slow pathway for the treatment of AVNRT. Innovations such as mapping
systems and dedicated catheters have contributed by extending the indication to AVNRT
ablation, even in particular subset populations such as children and congenital heart disease
patients. We performed this review with the aim aim of summarizing and discussing current
perspectives on the treatment of AVNRT, mainly focusing on catheter ablation energy
sources and long-term results.
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Introduction

Atrioventricular nodal reentrant tachycardia (AVNRT) is the most common form of
paroxysmal supraventricular tachycardia. Patients usually present with paroxysmal,
highly symptomatic palpitations due to the high heart rate of AVNRT, usually
between 140 and 180 bpm. The characteristic ECG shows tachycardia with regular,
narrow QRS complexes (except in the case of pre-existing or functional bundle
branch block) without clearly distinguishable P waves or with a very short RP
interval in the typical form, while atypical forms may present a longer RP interval.
The electrophysiological mechanism relies on a dual atrioventricular (AV) node
physiology, including a fast and a slow pathway,' having different refractory
periods. Despite being a relatively common finding, described in up to 90% of
patients in a small series of patients undergoing electrophysiological studyunder
sedation,” dual AV node physiology does not always imply AVNRT occurrence.
The refractory periods of the pathways are, in fact, the main determinants of
AVNRT occurrence, and only some patients with dual AV node physiology will
experience arrhythmias.

The anatomical substrate underlying AVNRT is included in a triangular region,
called “Koch’s triangle”, enclosed by the tricuspid annulus, the tendon of Todaro
and the coronary sinus ostium. The AVNRT substrate includes two different path-
ways of the AV node, the fast one located more anteriorly and the slow one located
more posteriorly, close to the coronary sinus ostium. Both pathways are directed
towards the compact AV node, in the apex of Koch’s triangle, where the His bundle
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originates.” Normally, sinus impulses are conducted
through the fast pathway and blocked in the slow pathway.
However, premature atrial contractions can reach the fast
pathway in its refractory period, and are therefore blocked,
while the slow pathway is still capable of slow conduction,
due to a shorter refractory period. In this event, the pre-
mature conduction can activate the ventricle through the
slow pathway, and meanwhile the fast pathway recovers
excitability and becomes able to conduct the impulse back
to the atria, initiating a reentrant tachycardia in a circuit
enclosed in Koch’s triangle.

The treatment of this arrhythmia includes acute termi-
nation, which can usually be achieved by vagal maneuvers
or intravenous adenosine, while beta-blockers or non-
dihydropyridine Ca-channel blockers are rarely needed,”
and the prevention of recurrent episodes. Prophylaxis can
be pursued by a pharmacological approach, mainly with
beta-blockers, verapamil or diltiazem, continuously or on
demand, which is usually effective in only around 60—-80%
in most series,” or interventional treatment with catheter
ablation, aimed at definitely interrupting the conduction
over the slow pathway and therefore being curative;® in
2017, a randomized trial showed higher efficacy and sig-
nificant reduction of hospitalizations in patients treated
with catheter ablation compared to drugs.’

Radiofrequency catheter ablation (RFCA) of the slow
pathway is, at present, the first choice treatment for
AVNRT, presenting high acute success and long-term
efficacy.” An alternative energy source is cryoablation,
which was mainly developed to overcome the risk of
permanent AV block that can potentially occur with
RFCA.*® Both energy sources have been extensively
investigated in terms of acute success, safety and long-

10-12
term efficacy,

each one presenting some advantages
and disadvantages compared to the other.

The aim of this review is to summarize current evi-
dence on AVNRT treatment, focusing on catheter ablation,
and in particular on the differences and similarities

between RFCA and cryoablation.

Balancing Catheter Ablation and

Drugs: Benefits and Disadvantages

The pharmacological approach to AVNRT is still an alter-
native to catheter ablation as first choice treatment, despite
its lower efficacy compared to ablation. Patients already
having an indication for beta-blocker treatment for comor-
bidities may benefit from this treatment without requiring

interventional treatment, which can be reserved for
cases of persistent episodes despite pharmacological treat-
ment. However, especially among young, active patients,
pharmacological treatment may have psychological limita-
tions and result in quality-of-life limitations. Therefore,
catheter ablation is now recommended as the first choice,
and should be proposed as a method to prevent sympto-
matic arrhythmias.

Current guidelines propose catheter ablation as a class
I indication and pharmacological treatment as a class Ila
alternative, considering patients’ preference and the clin-
ical opportunities of both approaches.” Concerning abla-
tion, no clear recommendation has been stated regarding
the two energy sources, radiofrequency and cryoenergy,
both of which are effective and safe. The choice can
therefore be made by the physician, taking into account
the advantages and disadvantages of both methods, along
with the individual center's facilities and operators’
experience.

Catheter ablation of AVNRT targets the slow pathway,
which is activated anterogradely in the typical form of
AVNRT. This structure is usually located anteriorly to
the coronary sinus ostium, in the lower portion of Koch’s
triangle, delimited by the coronary sinus ostium, the tri-
cuspid annulus and the tendon of Todaro. While the com-
pact AV node and His bundle are located at the apex of
Koch’s triangle, and the fast pathway is just under the apex
along the tendon of Todaro, the slow pathway is close to
the base of Koch’s triangle, just anterior to the coronary
sinus.” The distance between the slow pathway and the
compact AV node and His bundle is therefore larger than
in the fast pathway, justifying the safety of the ablation of
the slow pathway and the very low occurrence of perma-
nent AV block compared to ablation of the fast pathway,
which was targeted at the beginning of the catheter abla-
tion era.

Radiofrequency and Cryoenergy:
Principles and Application

The two ablation energy sources are characterized by substan-
tially different physiological mechanisms. Radiofrequency
implies direct application on the tissue included in a circuit
which is closed by a patch on the patient’s body, and provokes
thermal injury resulting in coagulative necrosis of the tissue.
The temperature range in which RFCA acts on the tissue is
50-80°C, while higher temperatures can lead to tissue vapor-
ization and carbonization, resulting in potentially disruptive
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complications. Following RFCA, the tissue architecture is
affected, including endothelial disruption, hemorrhage and
local edema, contributing to the final result of tissue damage
and mechanical ablation of the target area."

Conversely, cryoablation results in a completely differ-
ent effect, as the temperature reached (usually —80°C for
AVNRT cryoablation) results in intracellular damage by
the formation of ice crystals, and disruption of membrane
and intercellular connections. This biological effect, how-
ever, determines a more discrete and demarcated lesion
than RFCA, with limited edema and no endothelial dis-
ruption, potentially reducing the incidence of thrombus
formation on the target tissue.'*'”

In addition, cryoablation allows the possibility to perform
cryomapping, areversible test with a temperature of —30°C,
before starting ablation, enabling the efficacy and safety of
ablation to be tested on a target site, and preventing the risk of
permanent AV block.” This benefit, however, is balanced by
the higher incidence of late recurrences compared to
RFCA,'"'® as the thermal injury can be transitory, and con-
duction can recover, usually within days or weeks of the
procedure. Finally, cryoablation has advantages, especially
in children, where the prevention of complications is of great
value, and also because cryoablation generates a more
focused lesion, preventing problems related to the growth
of heart structures. Therefore, the advantages and disadvan-
tages of both technologies should be examined and weighted
before performing AVNRT ablation (Figure 1).

The ablation technique may differ slightly owing to the
different nature of the lesions: whereas RFCA generates
wider, immediate tissue damage, cryoablation results in
focused, punctual damage. The latter, therefore, should
be applied directly at the more subtle segment of the
slow pathway, anterior to the coronary sinus ostium at its
atrial insertion, targeting the slow potential. Conversely,
radiofrequency application at this site may result in
a higher risk of AV block owing to the wider extension
of the lesion, and therefore the ventricular insertion is

usually targeted, searching for the slow or sharp

potentials,®!” more distant from the compact AV node
and His bundle.

A left atrial access may sometimes be needed to access
the slow pathway, in cases where ablation in the right
atrium would not be effective. The left atrial approach,
targeting the slow or sharp potential at the inferoseptal
portion of the mitral annulus, has been described and
successfully used to treat AVNRT when the classical

18,19

right atrial approach failed to be effective, without

a higher incidence of complications.

Current Perspectives on Catheter

Ablation of AVNRT

Historically, RFCA is the gold standard for AVNRT ablation,
presenting a very high acute success and long-term efficacy,
consistently over 95% in most of the published series.''*

However, it is still associated with a risk of permanent

AVNRT CATHETER ABLATION

RADIOFREQUENCY

LONG-TERM SUCCESS >95%

LARGE WORLDWIDE EXPERIENCE
MAPPING SYSTEM

AV BLOCK 1-2%

CRYOABLATION

LONG-TERM SUCCESS 85-90%

SAFETY (BIOLOGICAL EFFECT)
MAPPING SYSTEM

RECURRENCE 10-15%

Figure | Summarized characteristics of radiofrequency and cryoenergy catheter ablation of AVNRT.
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complete AV block (up to 0-1%)."" Cryoablation, on the
other hand, is an effective and safe alternative to RFCA,
with no permanent AV block reported in the larger studies,
and a comparably excellent acute success rate.”'*?!
However, the long-term recurrences are consistently higher
than for RFCA among the published studies. Currently avail-
able data from the larger studies on the acute and long-term
outcomes of catheter ablation of AVNRT are summarized in
Table 1.

Among RFCA studies, some intraprocedural parameters
have been associated with a higher incidence of recurrences.
In particular, the persistence of echo beats following abla-
tion, despite AVNRT non-inducibility, has been related to
a higher recurrence rate.”> Conversely, the sole residual AH
jump in the absence of echo beats was reported to have no
impact in most studies, while others reported contrasting
results depending on the residual jump window.>*** In addi-
tion, clinical parameters, in particular older age and pre-
existing first degree AV block, have been related to
a higher incidence of complete AV block.?

Concerning cryoablation, catheter tip size,?® duration
and number of cryoenergy applications®’ have been related
to long-term outcome, and electrophysiological markers

such as residual AH jump and echo beats have been
related to higher recurrence rates,”® although other studies
did not find any significant predictors.”® Cooling dynamic
parameters, such as minimal temperature and time to reach
the target cryoablation temperature, have also been

reported to be related to outcome.*®

Future Perspectives

Despite the large amount of ongoing and new evidence in
the electrophysiology field, only limited substantially new
approaches concerning the method of performing AVNRT
catheter ablation have been introduced recently. Slow path-
way ablation is still the gold standard, and has been recently
confirmed as the first choice treatment for AVNRT compared
to drugs; and RFCA and cryoablation have been the two
available energy sources for the past 20 years.

However, the widespread use of non-fluoroscopic map-
ping systems has introduced the possibility of performing
this procedure without the need for fluoroscopy, without
affecting the efficacy and safety of the procedure.’'* In
particular, the most used electroanatomical mapping sys-
tem are currently Carto (Biosense Webster, Johnson and
Johnson, USA), EnSite Precision (Abbott, USA) and

Table | Characteristics of the Larger Studies with Long-Term Follow-Up Investigating Catheter Ablation for AVNRT, by

Radiofrequency and Cryoenergy

Study Patients Energy | Follow-Up Recurrences Predictors AV Block
(Years) Permanent
Sandilands, 20082 160 Cryo 1.5 11.9% Tip size 0
De Sisti, 201228 245 Cryo I 17.5% Residual jump | 0
Feldman, 20112° 391 RF 6 1.5% Atypical 0.1%
AVNRT

Schwagten, 201 12' 274 RF- 43 5% (RF), 11% (cryo) | — 0.7%

cryo
Deisenhofer, 2010'2 509 RF- 0.5 4.4% (RF), 9.4% - 0.4%

cryo (cryo)
Hanninen, 2013'" (14 5617 RF- 0.5-4 3.8% (RF), 9.7% - 0.75%
trials) (4551 RF, 1066 cryo (cryo)

cryo)
Insulander, 2014° 1116 Cryo 2 - 0
Matta, 2017%° 241 Cryo 36 11.7% Time to =70° | 0
C

Insulander, 2017'° 515 Cryo 7 11% - 0
Kesek, 20197 6842 RF- 55 - - 0.5

cryo
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Rhythmia (Boston Scientific, USA). All these systems are
characterized in their updated version by the ability to
perform a magnetic and electrical three-dimensional (3D)
anatomical reconstruction of the cardiac chambers and
real-time visualization of the catheters. The use of electro-
anatomical mapping systems has the potential to improve
the outcome and reproducibility of AVNRT ablation and to
extend indications among populations where fluoroscopy
is discouraged, such as in young adults and children, and
even during pregnancy.®**> The biological risks related to
X-ray exposure represent a limit for catheter ablation,
especially among children and young adults, and the map-
ping systems help in obtaining a more precise anatomical
reconstruction, particularly in children. Another advantage
conferred by the mapping system is the 3D reconstruction
of cardiac chambers and vessels, which can be of particu-
lar value for patients with congenital heart disease or

33.3637 in whom this benefit can be

vascular anomalies,
even greater after merging the reconstruction with imaging
techniques such as magnetic resonance or computed tomo-
graphy. In this setting, the mapping system can help in
reducing the length of the procedure and X-ray exposure,
and can even improve the procedural outcome.

Finally, the mapping systems enable the tagging and
visualization of pivotal regions, such as the His bundle or
compact AV node, in the anatomical map, facilitating
assessment in the 3D visualization and measurement of
the distance of these sites to the ablation point, and there-
fore improving safety in the setting of an ablation close to
the AV node and His bundle region. This advantage is
particularly useful for children, in whom the cardiac cham-
bers are smaller and the distances between anatomical
structures are very limited and have a critical impact on
the safety of catheter ablation.

Future perspectives and developments in catheter abla-
tion tools and mapping systems will likely lead to the
possibility of performing AVNRT catheter ablation even
in subsets of patients traditionally considered unsuitable
for this procedure, therefore improving the procedural out-
come and further extending the indications for catheter
ablation of AVNRT.

Conclusion

The treatment of AVNRT relies on both pharmacological
and interventional approaches, but during recent years cathe-
ter ablation, by both RFCA and cryoenergy, has emerged as
the first choice treatment, being highly effective and safe.

Despite the limited innovations in the methods of

performing AVNRT catheter ablation,

improvements will likely further improve the outcome of

technological

AVNRT ablation, even in higher risk and more complex
population subsets.
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