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Opinion statement

Our approach to the ablation of atrioventricular nodal reciprocating tachycardia (AVNRT),
the most common supraventricular tachycardia, is as follows: We first attempt ablation in
the right atrial posteroseptum anterior to the coronary sinus ostium with a 4-mm non-
irrigated tip catheter. If ablation within the triangle of Koch is unsuccessful with radio-
frequency (RF), we switch to cryoablation and target a more superior (mid septal) region.
We also utilize cryoablation if RF ablation produces transient VA block (absence of
retrograde conduction during junctional rhythm) or a fast junctional rhythm (<350 msec).
If cryoablation were to fail, or is not available, we would then suggest ablation within the
coronary sinus targeting the roof (2-4 cm from the os) using a 3.5-mm irrigated tip
catheter. If tachycardia were still inducible despite these measures, we would then
proceed with transseptal puncture (given our greater experience with this over a retro-
grade aortic approach) and perform RF ablation along the posteroseptal left atrium and
inferoseptal mitral annulus utilizing an irrigated tip catheter. In our experience,
cryoablation reliably results in elimination of the slow pathway. The only left atrial
ablation for AVNRT at our institution in the past year was performed because a patent
foramen ovale allowed for rapid left atrial access, facilitating left atrial ablation of the
slow pathway.

Introduction

Atrioventricular nodal reciprocating tachycardia With advancements in interventional electrophysiology,
(AVNRT), first described in the 1950s [1], is the most proceeding directly to catheter ablation of this arrhyth-
common of the supraventricular tachycardias (SVTs). mia has become the standard of care given the high
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procedural success rate, infrequent recurrence, and rare  provide insight into the techniques of catheter ablation
complications [2ee]. The purpose of this article is to  of this arrthythmia.

Preparation for ablation/setup

Patients with symptomatic SVT who either prefer catheter ablation over medical
therapy or who have failed medical treatment are appropriate candidates for
invasive electrophysiology study (EPS) and ablation [2ee]. In anticoagulated
patients on warfarin, we continue the drug, but our preference is to have the
international normalized ratio (INR) <3.5. For patients on a novel oral antico-
agulant, we hold the morning dose (dabigatran and apixaban; rivaroxaban is
continued the night prior to procedure).

The procedure is performed under light sedation to maximize the ability of
clinical arrhythmia induction. In adults, we utilize bilateral femoral venous
access and insert three 7-Fr sheaths for our diagnostic catheters and an 8-Fr
sheath for the ablation catheter. The sheaths are 1-Fr size smaller in older
pediatric patients (>25 kg in weight) and individualized in smaller children.
The sheaths are attached to continuous infusion heparinized saline drips to
minimize the risk of thrombus formation. Systemic heparin is not routinely
administered unless left atrial access is obtained. Multielectrode delectable
catheters are placed in the high right atrium (HRA), the right ventricle (RV),
the coronary sinus (CS), and along the His bundle. A comprehensive EPS is
performed to document the clinical arrthythmia and to definitively establish the
diagnosis of AVNRT. Isoproterenol is often infused to assist with arrhythmia
induction; inducible AVNRT is frequently encountered during isoproterenol
"washout” (after continuous infusion is stopped but while drug effect is still
evident). We proceed with ablation of AVNRT (Fig. 1) when (1) the clinical
arrhythmia is induced and diagnostic maneuvers are consistent with AVNRT or
(2) when the clinical arrthythmia is not inducible but the clinical presentation is
consistent with AVNRT, dual AV node physiology is present, and there is no
evidence of an accessory pathway or atrial tachycardia.

Radiofrequency catheter ablation of AVNRT
- 0000000001}

The use of energy delivered through an electrode catheter was first performed in
the form of DC shocks positioned adjacent to the His bundle in the early 1980s
resulting not only in freedom from arrhythmia but also in complete AV block
[3, 4]. In 1989, selective modification of the AV node was first described with
radiofrequency current application using a 6-F catheter in an attempt to elim-
inate AVNRT [5]. The anatomical boundaries of the fast and slow pathways
were eventually elucidated and found to be contained within the triangle of
Koch (Fig. 2). The fast and slow pathways were felt to breakthrough at the
anterior septum near the His and posterior septum near the CS os, respectively
[6]. Initial attempts at mapping the earliest retrograde atrial breakthrough
during typical AVNRT lead to fast pathway modification near the His and a
high incidence of irreversible AV block. Work in the early 1990s then showed
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Fig. 1. Step-wise approach to ablation of AVNRT.

that slow pathway modification was a much safer method in eliminating
AVNRT with low risk of recurrence and very little risk of AV block and thus
has become the standard approach for ablation [6].

Our approach to slow pathway modification is to use a bi-directional 4-mm
non-irrigated tip catheter (Biosense Webster, Diamond Bar, CA) for ablation.
We use 3-D electroanatomic mapping (EnSite NavX, St. Jude, St. Paul, MN) in
order to reduce procedure time, significantly reduce fluoroscopy exposure for
both the patient and lab staff, and additionally provide anatomic visualization
of structures otherwise not appreciated fluoroscopically [7, 8]. We have
achieved significant reductions in fluoroscopy exposure using 3-D mapping
for catheter manipulation through venous structures in addition to their place-
ment in the heart, which can usually be performed without fluoroscopic guid-
ance. This can be especially useful in children and adolescents in whom
experience with fluoroless AVNRT ablation has shown promise [9]. The bound-
aries of the His are first annotated on the map, and a catheter with a reliable His
signal is positioned for the duration of ablation. We use both anatomic and
electrogram guidance for localization of the slow pathway. The ablation cath-
eter is initially inserted into the RV with slight deflection keeping the tip of the
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Fig. 2. A 3-D electroanatomic representation of the right atrium in right anterior oblique (RAO) using EnSite NavX (St. Jude Medical,
St. Paul, MN). Anatomic landmarks of importance to AVNRT ablation are shown. The triangle of Koch (in blue) is bordered by the CS
os posteriorly, anteroseptal leaflet of tricuspid valve anteriorly, and tendon of Todaro. The slow pathway is located near the base of
the triangle while the His is located near the apex. Image courtesy of Brock Gambill and George Crowell, St. Jude Medical.

catheter pointed caudally. Clockwise torque on the catheter is applied so as to
maintain a septal position, and the catheter is slowly pulled back until a 1:1 AV
electrogram amplitude ratio is noted. The catheter is further withdrawn with
continued clockwise torque until this ratio is 1:2 or 1:3 with fractionation of the
atrial EGM. Fluoroscopic position of the ablation catheter in RAO is anterior to
the CS os and inferior to the His catheter whereas in LAO, it is in the
posteroseptal right atrium. We perform ablation in sinus rhythm for several
reasons: (1) ablation in AVNRT with resultant termination to sinus during
ablation could lead to the catheter jumping significantly from point of contact
(2) a slow pathway activation potential is more likely to be evident, and (3)
examination of the PR interval, discrimination of junctional beats from contin-
ued AVNRT, and presence of VA block are more apparent. Furthermore, in
typical AVNRT, there is little utility in mapping the earliest retrograde atrial
activation in tachycardia, which is near the apex of triangle of Koch (near the
His). Radiofrequency (RF) is delivered in a temperature-limited mode at 60°C
and 50 W for 15-20 s or until the appearance of junctional beats. If a junctional
rhythm is not observed, the ablation catheter is withdrawn away from the
tricuspid valve annulus, closer to the CS ostium. It is well recognized that the
presence of junctional beats is a marker of successful ablation. More specifically,
the pattern of the junctional rhythm in regard to timing of onset, number of
total beats, and duration is also useful in predicting the successful modification
of slow pathway conduction [10-12]. Our approach is to stop ablation on the



Curr Treat Options Cardio Med (2017) 19: 34 Page50of 13 34

first emergence of a junctional response after which catheter position is
reconfirmed and ablation is re-initiated. When apparent junctional beats are
first seen, these may represent AV block with isoelectric dissociation, and
continued ablation could result in complete heart block. Coming off at the first
sign of junctional beats allows confirmation that these are junctional and
decreases the risk of heart block. This process is repeated once more, and upon
commencement of the third lesion, we proceed to ablate through the junctional
rhythm completing a 45-60-s lesion, observing closely for the presence of VA
block during junctional beats or a fast junctional rhythm (<350 msec) [13]. If
VA block, defined as loss of retrograde conduction from the ventricle to the
atrium during a junctional beat is noted, ablation is immediately terminated
and the catheter is moved to prevent further delivery of energy to the site.
During ablation, catheter position is constantly monitored using 3-D mapping
and the AH interval is closely monitored to evaluate for any prolongation
suggestive of impending AV block. If stability of the ablation catheter is subop-
timal, a long sheath should be used; we prefer either a non-steerable SRO sheath
(St. Jude Medical, St. Paul, MN) or a steerable Agilis sheath (St. Jude Medical, St.
Paul, MN). Although ablation success has been reported in the absence of a
junctional rhythm during RF delivery, our approach is to apply serial lesions at
different sites within the triangle of Koch until this response is noted. Intracar-
diac electrogram findings that are predictive of success include a multicompo-
nent atrial signal, longer duration of the atrial signal, and a smaller AV ratio
[14]. Our preference is to start ablation in the inferior septum near the CS os
prior to encroaching upon the His where the risk of AV block increases. Because
successful ablation can occur with a single lesion, provided that an adequate
impedance drop is noted, in addition to a junctional response as mentioned
earlier, one could refrain from delivering any more lesions prior to re-testing for
inducibility. However, our preference is to deliver another 45-s lesion in the
same vicinity to increase durability of the lesion set. The approach described
earlier can be safely used in both adult and pediatric patients.

In cases that do not result in elimination of AVNRT when ablated from the
usual right septal approach, one should consider several possibilities. If the
catheter position was more anterior resulting in a large ventricular signal, then
pulling back towards the CS os where a larger atrial electrogram is present
should be tried. A maneuver to assure septal positioning during ablation is
applying clockwise torque on the ablation catheter which allows it to fall within
the CS. The catheter is then withdrawn slowly with the application of slight
counterclockwise torque and upon exit from the CS is advanced anteriorly
towards the ventricle while it maintains a septal position. It is safer to start
inferiorly, but lesion delivery should occur progressively higher towards the His
especially if no junctional response during ablation is noted. We respect the
notion that it is not customary to use an irrigated-tip catheter for slow pathway
modification given the increased risk of causing permanent AV nodal damage.
Our preference is to use a higher-temperature ceiling with a non-irrigated
catheter rather than resorting to an irrigated-tip catheter because this approach
has still shown to achieve a higher primary success rate in the absence of a
higher risk of permanent AV block (if VA conduction during the junctional
response is carefully monitored) [15]. If stability of the ablation catheter be-
comes an issue due to either cardiac or respiratory motion, we upgrade to a long
sheath and deeper levels of sedation. Although each patient will require a
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different total number of RF lesions to achieve success, the presence of any of
the aforementioned signs of AV block during ablation is a harbinger of being
too aggressive with the current approach. As described in a later section, the
ablation endpoint for RF is the absence of 1:1 conduction over the slow
pathway and no more than a single echo beat. If this endpoint is not achieved
with the conventional techniques described earlier, then other strategies such as
cryoablation, ablation within the CS, or a left-sided approach to ablation need
to be considered. These techniques are described individually in the sections
that follow. Finally, the ablationist must always consider whether or not the
initial diagnosis is the correct one. Septal accessory pathways and atrial tachy-
cardia can sometimes mimic AVNRT, and appropriate pacing maneuvers to
reconfirm the correct diagnosis should be performed prior to any further
ablation [16].

Cryoablation of AVNRT
- 0000000000000

The other technique utilized for ablation of AVNRT is cryoablation, which is
delivered via a unidirectional catheter (small, medium, or large curve) with a
tip size measuring 4 to 8 mm in length and a 2-5-2 electrode spacing
(Freezor, Medtronic, Minneapolis, MN) [17]. The process involves delivery
of a pressurized refrigerant (liquid nitrous oxide) to the catheter tip via the
CryoConsole (Medtronic, Minneapolis, MN) where it is vaporized, absorb-
ing heat from the surrounding tissue and allowing temperatures to reach
-75 °C resulting in cryoadhesion. The primary reason for choosing this
modality over RF is its superior safety profile leading to a virtually 0% risk
of iatrogenic complete AV block. However, this comes at the expense of a
higher risk of recurrence of arrhythmia [18]. The larger tip sizes (6 mm and
above) have, however, been shown to reduce the recurrence risk by up to
2.5-fold and therefore may be preferable although a larger sheath size (9 vs
8 Fr) is required for delivery [19]. We use a 6-mm catheter in our institution.
Our approach to ablation is similar to that of RF in regard to catheter
positioning within the borders of the triangle of Koch starting in an inferior
location near the CS os while achieving an AV electrogram ratio of 1:2 or 1:3.
Due to the negligible risk of AV block, the final location of a successfully
delivered ablation freeze may ultimately be more superior when compared
to RF. An advantage of cryoablation is the ability to perform cryomapping,
first described in the original series [17]. Using this technique, cryothermal
energy is delivered allowing for temperatures to reach -30 °C for a period of
45-60 s with concomitant testing for slow pathway elimination using atrial
extrastimulus testing. This process allows for the reversible assessment of
slow pathway injury without the risk of permanent AV block. Our approach
is similar in that we initiate a freeze in an area of interest during which atrial
extrastimulus testing is performed to evaluate for slow pathway modifica-
tion (absence of an AH jump and non-inducibility of tachycardia). Attention
is paid to prolongation of the PR interval as a harbinger of impending AV
nodal damage; if noted, ablation should be immediately terminated. If no
adverse effect is noted, we continue the freeze for 4 min. In our experience,
any noted prolongation of the PR interval reverses upon rewarming of the
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tissue. If the desired end point is achieved without PR prolongation, then a
second 4-min freeze is performed (freeze-thaw-freeze cycle) to increase the
durability of the lesion. If slow pathway conduction persists, a different
location, typically more superior, is chosen and the process repeated. Junc-
tional rhythm does not occur during cryoablation. Following ablation,
testing for AVNRT non-inducibility and the absence of an AH jump is
performed over a 30-min waiting period both on/off isoproterenol. We have
not noted a significant difference in fluoroscopy exposure or procedural
times with this technique because we utilize 3-D electroanatomic mapping.
The decision to choose one energy source over the other is operator depen-
dent although the absence of documented permanent AV block in the
literature to date with cryoablation makes it an appealing first choice. Some
institutions have chosen cryoablation as the primary modality in pediatric
patients because of its exceptional safety profile. In our opinion, it is rea-
sonable to choose cryoablation in any of the following circumstances: (1)
inability to reach an acceptable endpoint despite multiple RF lesions from
the right side, (2) RF resulting in transient AV block, or (3) an inferiorly
displaced His, especially in congenital patients.

Left-sided ablation of AVNRT
]

A left-sided approach constitutes ablation of the slow pathway (1) from
within the CS, (2), anywhere along the inferior aspect of the mitral annulus
or (3) ablation along the left atrial septum adjacent to the RA slow pathway
region. The leftward inferior extension of the slow pathway participates in
<5% of cases of typical AVNRT and leads to failure of ablation using the
traditional approach [20]. The atrial insertion of the slow pathway is
instead located in the roof of the CS about 2-4 cm from the os, and
therefore, ablation is performed here. The primary reason to consider
ablation within the CS is lack of success from the usual approach. Although
cryoablation in the CS has been reported, our approach is to use a 4-mm
non-irrigated tip RF catheter in a temperature-limited mode with a power
between 20 and 30 W so as to avoid excessive injury to the CS, the fast
pathway, or the left circumflex coronary artery [21]. If there is a high
impedance or low power during ablation in the CS, we switch to a 3.5-
mm irrigated-tip catheter in a temperature-limited mode with 10-20 W of
power, which can allow for improved energy delivery. It should be noted
that with improvement in catheter design, if an irrigated-tip catheter is
chosen, we prefer the use of a contact force (CF) ablation catheter
(TactiCath Quartz, St. Jude, St. Paul, MN) allowing the delivery of a safer
and more durable lesion [22]. The presence of a junctional response is still
sought as a marker for a potentially successful ablation site during any of
the left-sided approaches. Ablation within the CS appears to be safe [23].
There are still, however, approximately 1% of cases in which neither tradi-
tional right-sided ablation within the triangle of Koch nor ablation within
the CS is successful. In these circumstances, left atrial (LA) ablation should
be considered [20]. Excluding studies reporting CS ablation, to date, there
have been 12 case reports comprising approximately 30 patients in the
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literature, which have reported ablation of AVNRT from a left-sided ap-
proach (either transseptal or retrograde aortic) including a single case report
of successful ablation of typical AVNRT from within the left ventricle [24].
Failure to achieve the endpoint from the right side (starting inferiorly and
moving progressively higher in the triangle of Koch) including the CS or the
presence of features suggesting AV nodal damage (VA block during ablation
or an acceleration of the junctional response, i.e.,, <350 msec) should
prompt the operator to consider a left-sided approach. One may also
consider discussing with the patient a trial of medical therapy and watchful
waiting prior to considering a left-sided procedure given the slightly higher
risk for complication. We recommend the use of an irrigated-tip catheter,
for reasons mentioned earlier, with either the retrograde or transseptal
approaches. Heparin is administered to maintain an activated clotting time
(ACT) of >300 s to prevent peri-procedural thromboembolism. Transseptal
access is obtained with intracardiac echocardiography (ICE) guidance. If the
transseptal approach is chosen, the use of a steerable sheath (Agilis, St. Jude
Medical, St. Paul, MN) is recommended, which provides greater stability
and allows for easier access to the posteroseptal left atrium. A multicom-
ponent or low-amplitude atrial electrogram with an AV electrogram ratio <1
is sought in the posteroseptal region of the left atrium opposite to the usual
location of right-sided lesions (in the LAO view). Locations higher along
the septum will result in a smaller ventricular component as compared to
locations closer to the annulus. A His catheter recording is helpful in
avoiding fast pathway damage. Previous lesions delivered along the roof
of the CS that resulted in a junctional response during ablation can be
consolidated from the LA side. A marker for success, as reported in nearly all
the reported cases, is the emergence of a junctional rhythm during RF
current delivery. In the case of “left-ventricular” ablation, the authors uti-
lized the benefit of the anatomic offset between the tricuspid (more inferi-
orly displaced) and mitral valves, which exposes the left side of the triangle
of Koch almost analogous to a Gerbode defect allowing for successful
ablation [24].

Challenges of AVNRT ablation
- 0000000000000

Some special circumstances which may arise during the ablation of AVNRT
include patients with a preexisting first-degree AV block, repeated/
immediate induction of AVNRT during RF application, and the utilization
of voltage mapping for direct visualization of the slow pathway. Firstly,
although an uncommon finding, the presence of a prolonged PR interval
in patients with AVNRT is estimated between 2 and 3%. This is more
common in the elderly and those with structural heart disease [25]. In
the largest series consisting of 346 consecutive patients in which 18 pa-
tients had a preexisting prolonged PR interval and who underwent com-
plete elimination of the slow pathway, a higher incidence of delayed AV
block was noted [26]. This suggests that RF, which modifies the slow
pathway, as opposed to cryoablation, which results in complete slow
pathway elimination, is the preferred energy choice in this population.
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An interesting fact is that after ablation, it has actually been noted that the
AH interval can shorten, an effect believed to be the result of resolution of
electrotonic interaction between the fast and slow pathways [27]. It ap-
pears then that in the carefully selected patient and with extreme vigilance
on AV conduction during ablation, these individuals can be treated safely
using RF.

A second challenge which can arise during AVNRT ablation is the
repetitive recurrence of tachycardia with any initiation of ablation, a char-
acteristic unique to RF perhaps secondary to thermal induction leading to
atrial irritability. This can increase the risk of AV block not only due to
catheter instability which occurs due to the abrupt initiation and termina-
tion of tachycardia but also because a reliable assessment of intact AV
nodal conduction cannot be made. Our approach to this issue is to
initially reposition the catheter and then attempt a long sheath to assure
stability. Resorting to cryoablation usually results in resolution of this
finding allowing for safe and effective ablation. If one is faced with
premature atrial complexes (PACs) or patients with absent VA conduction
with junctional ectopy during RF, we would suggest pacing from a durable
atrial location (usually the CS catheter) during lesion delivery to allow for
monitoring of antegrade intact AV conduction.

Lastly, the novel concept of voltage gradient mapping of the slow
pathway using 3-D electroanatomic guidance has become a useful tech-
nique in identification and ablation of the slow pathway in both adults
and adolescents [28, 29]. The so-called “low-voltage bridge” is determined
by mapping in the area of the usual location of the slow pathway and
serves as a surrogate to guide ablation with either RF or cryoablation and
has shown promise with high success rates achieved. Although we do not
rely solely on this technique, we do find it useful to utilize in combination
with the traditional anatomic and electrogram features of the slow path-
way in guiding ablation.

Endpoints for ablation of AVNRT
- 0000000000000

The endpoints for successful ablation are dependent on the type of energy
source utilized. In those with readily inducible AVNRT pre-ablation, the absence
of an inducible arrthythmia post-ablation is certainly a widely accepted end-
point for successful ablation especially if isoproterenol was not required for
initial induction. Regardless of how easily the arrhythmia was induced pre-
ablation, our approach has been to test for re-inducibility both on/off isopro-
terenol post-ablation, although studies have shown that the use of this drug
after ablation to confirm non-inducibility of AVNRT does not appear to alter the
recurrence rate and perhaps this step can be omitted [30]. As mentioned
previously, with RF, it is acceptable to still demonstrate the presence of the slow
pathway as is the presence of at most a single echo beat as this has still shown to
portend a good prognosis [31]. With cryoablation, reduction in arrhythmia
recurrence is dependent on complete slow pathway elimination as demonstrat-
ed by the absence of an AH jump or AV reentrant echo beats [32, 33] during
post-ablation testing.
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Medical therapy for AVNRT
-]

Given the greater than 95% success rate of catheter ablation for the treatment of
AVNRT and the failure rate of greater than 50% for antiarrhythmic drug (AAD)
therapy (beta-blockers, non-dihydropyridine calcium channel blockers,
flecainide, or propafenone), ablation has remained the current treatment of
choice in symptomatic patients [34e]. According to the most recent SVT guide-
lines, for patients who do not prefer ablation or are otherwise not candidates,
medical therapy with AV nodal blocking agents is a class I indication, and if
ineffective, AAD therapy carries a class Il indication [2ee]. In at least a single
randomized controlled trial, success rate (<2 arrhythmia recurrences in
12 months) for flecainide or propafenone, given to patients with paroxysmal
SVT and absence of structural heart disease, was between 86 and 93% leading to
their class Ila indication in the guidelines [35]. In at least two other studies, the
use of agents such as sotalol or amiodarone in patients with AVNRT and
structural heart disease appear to be safe, but given their adverse effects when
compared to other agents, these should be third-line agents and carry a class IIb
indication in the current guidelines [36, 37]. Flecainide is the AAD of choice
given its safety profile in both the adult and pediatric populations [38, 39]. In
our opinion, although a trial of AV nodal blocking agents (beta-blockers or
calcium channel blockers) is reasonable in a patient with a first documented
episode of suspected AVNRT, we rarely in our practice resort to the use of AAD’s
for long-term management of this arrhythmia. However, strong consideration
to drug therapy with these agents could be given in individuals with a pre-
existing first-degree AV block because total elimination of the slow pathway
leads to a significant risk of developing delayed AV block months to years after
the procedure, as mentioned previously.

Potential complications

Conclusion

In looking strictly at catheter ablation of SVT, the rates of major and minor
complications have been cited at 3 and 8%, respectively [40]. The risk of perma-
nent AV block necessitating pacemaker implant approaches 1% in these studies
and has been shown to be lower with cryoablation as compared to RF. In fact, in
multiple meta-analyses (between 2400 and 5600 patients) to date, cryoablation
has not been associated with permanent AV block and this may be of value when
ablating in children albeit at the expense of a higher recurrence rate [41e, 420].

In summary, if catheter ablation is chosen for treatment of AVNRT, the electro-
physiologist has at his or her disposal a variety of tools to successfully and safely
perform the procedure. While slow pathway modification can usually be ac-
complished with a non-irrigated RF catheter in the usual position within the
triangle of Koch, there are alternative energy sources and anatomic consider-
ations which can help achieve success in challenging cases.



Curr Treat Options Cardio Med (2017) 19: 34 Page 11 0f 13 34

Compliance with Ethical Standards

.|
Conflict of Interest

Darpan S. Kumar, Thomas A. Dewland, and Charles A. Henrikson each declare no potential conflicts of interest.
Seshadri Balaji reports a research grant from Medtronic for research on pediatric hypertophic cardiomyopathy.

Human and Animal Rights and Informed Consent
This article does not contain any studies with human or animal subjects performed by any of the authors.

References and Recommended Reading

Papers of particular interest, published recently, have been

highlighted as:

o Of importance

oo Of major importance

1. Moe GK, Preston JB, Burlington H. Physiologic evi- ablation procedures: a prospective randomized study. J
dence for a dual A-V transmission system. Circ Res. Cardiovasc Electrophysiol. 2004;15(3):310-5.
1956;4(4):357-75. 8. Kopelman HA, Prater SP, Tondato F, Chronos NA,

2.ee  Page RL, Joglar JA, Caldwell MA, Calkins H, Conti JB, Peters NS. Slow pathway catheter ablation of atrioven-
Deal BJ, Estes 3rd NA, Field ME, Goldberger ZD, tricular nodal re-entrant tachycardia guided by
Hammill SC, Indik JH, Lindsay BD, Olshansky B, Russo electroanatomical mapping: a randomized compari-
AM, Shen WK, Tracy CM, Al-Khatib SM. 2015 ACC/ son to the conventional approach. Europace.
AHA/HRS guideline for the management of adult pa- 2003;5(2):171-4.
tients with supraventricular tachycardia: a report of the 9. Scaglione M, Ebrille E, Caponi D, Blandino A, DI
American College of Cardiology/American Heart As- Donna P, Siboldi A, Bertero G, Anselmino M,
sociation Task Force on Clinical Practice Guidelines Raimondo C, Sardi D, Gabbarini F, Marasini M, Gaita
and the Heart Rhythm Society. ] Am Coll Cardiol. F. Single center experience of fluoroless AVNRT abla-
2016;67(13):e27-e115. doi:10.1016/j.jacc.2015.08. tion guided by electroanatomic reconstruction in chil-
856. dren and adolescents. Pacing Clin Electrophysiol.

Most recent SVT guidelines which outline nicely the diagnostic 2013;36(12):1460-7. d0i:10.1111/pace.12183.

and treatment options available for AVNRT including non- 10. Iakobishvili Z, Kusniec J, Shohat-Zabarsky R, Mazur A,

invasive and invasive modalities Battler A, Strasberg B. Junctional rhythm quantity and

3. GallagherJ], Svenson RH, Kasell JH, German LD, Bardy duration during slow pathway radiofrequency ablation
GH, Broughton A, Critelli G. Catheter technique for in patients with atrioventricular nodal re-entry supra-
closed-chest ablation of the atrioventricular conduc- ventricular tachycardia. Europace. 2006;8(8):588-91.
tion system. N Engl ] Med. 1982;306(4):194-200. 11.  Jentzer JH, Goyal R, Williamson BD, Man KC,

4. Scheinman MM, Morady F, Hess DS, Gonzalez R. Niebauer M, Daoud E, Strickberger SA, Hummel JD,
Catheter-induced ablation of the atrioventricular junc- Morady F. Analysis of junctional ectopy during radio-
tion to control refractory supraventricular arrhythmias. frequency ablation of the slow pathway in patients
JAMA. 1982;248(7):851-5. with atrioventricular nodal reentrant tachycardia. Cir-

5. Epstein LM, Scheinman MM, Langberg JJ, Chilson D, culation. 1994;90(6):2820-6.

Goldberg HR, Griffin JC. Percutaneous catheter modi-  12. Wagshal AB, Crystal E, Katz A. Patterns of accelerated
fication of the atrioventricular node. A potential cure junctional rhythm during slow pathway catheter abla-
for atrioventricular nodal reentrant tachycardia. Circu- tion for atrioventricular nodal reentrant tachycardia:
lation. 1989;80(4):757-68. temperature dependence, prognostic value, and in-

6. Jackman WM, Beckman KJ, McClelland JH, Wang X, sights into the nature of the slow pathway. ] Cardiovasc
Friday KJ, Roman CA, Moulton KP, Twidale N, Hazlitt Electrophysiol. 2000;11(3):244-54.

HA, Prior MI, et al. Treatment of supraventricular 13. Lipscomb KJ, Zaidi AM, Fitzpatrick AP, Lefroy D. Slow
tachycardia due to atrioventricular nodal reentry, by pathway modification for atrioventricular node re-
radiofrequency catheter ablation of slow-pathway entrant tachycardia: fast junctional tachycardia predicts
conduction. N Engl ] Med. 1992;327(5):313-8. adverse prognosis. Heart. 2001;85(1):44-7.

7. Sporton SC, Earley MJ, Nathan AW, Schilling R]. Elec-  14. Hsieh MH, Chen SA, Tai CT, Yu WC, Chen YJ, Chang
troanatomic versus fluoroscopic mapping for catheter MS. Absence of junctional thythm during successful


http://dx.doi.org/10.1016/j.jacc.2015.08.856
http://dx.doi.org/10.1016/j.jacc.2015.08.856
http://dx.doi.org/10.1111/pace.12183

34

Page 12 of 13

Curr Treat Options Cardio Med (2017) 19: 34

15.

16.

17.

18.

19.

20.

21.

22.

23.

slow-pathway ablation in patients with atrioventricular
nodal reentrant tachycardia. Circulation.
1998;98(21):2296-300.

Strickberger SA, Tokano T, Tse HF, Kim MH, Oral H,
Flemming M, Pelosi F, Michaud GF, Knight BP, Goyal
R, Morady F. Target temperatures of 48 degrees C ver-
sus 60 degrees C during slow pathway ablation: a
randomized comparison. ] Cardiovasc Electrophysiol.
1999;10(6):799-803.

Knight BP, Ebinger M, Oral H, Kim MH, Sticherling C,
Pelosi F, Michaud GF, Strickberger SA, Morady F. Di-
agnostic value of tachycardia features and pacing ma-
neuvers during paroxysmal supraventricular tachycar-
dia. ] Am Coll Cardiol. 2000;36(2):574-82.

Skanes AC, Dubuc M, Klein GJ, Thibault B, Krahn AD,
Yee R, Roy D, Guerra P, Talajic M. Cryothermal abla-
tion of the slow pathway for the elimination of atrio-
ventricular nodal reentrant tachycardia. Circulation.
2000;102(23):2856-60.

Deisenhofer I, Zrenner B, Yin YH, Pitschner HF, Kuniss
M, Grossmann G, Stiller S, Luik A, Veltmann C, FrankJ,
Linner J, Estner HL, Pflaumer A, Wu J, von Bary C, Ucer
E, Reents T, Tzeis S, Fichtner S, Kathan S, Karch MR,
Jilek C, Ammar S, Kolb C, Liu ZC, Haller B, Schmitt C,
Hessling G. Cryoablation versus radiofrequency energy
for the ablation of atrioventricular nodal reentrant
tachycardia (the CYRANO study): results from a large
multicenter prospective randomized trial. Circulation.
2010;122(22):2239-45. doi:10.1161/
CIRCULATIONAHA.110.970350.

Rivard L, Dubuc M, Guerra PG, Novak P, Roy D, Macle
L, Thibault B, Talajic M, Khairy P. Cryoablation out-
comes for AV nodal reentrant tachycardia comparing 4-
mm versus 6-mm electrode-tip catheters. Heart
Rhythm. 2008;5(2):230-4. doi:10.1016/j.hrthm.
2007.10.013.

Nakagawa H, Jackman WM. Catheter ablation of par-
oxysmal supraventricular tachycardia. Circulation.
2007;116(21):2465-78. Review

Aoyama H, Nakagawa H, Pitha JV, Khammar GS,
Chandrasekaran K, Matsudaira K, Yagi T, Yokoyama K,
Lazzara R, Jackman WM. Comparison of cryothermia
and radiofrequency current in safety and efficacy of
catheter ablation within the canine coronary sinus
close to the left circumflex coronary artery. ] Cardiovasc
Electrophysiol. 2005;16(11):1218-26.

Reddy VY, Shah D, Kautzner J, Schmidt B, Saoudi N,
Herrera C, Jais P, Hindricks G, Peichl P, Yulzari A,
Lambert H, Neuzil P, Natale A, Kuck KH. The relation-
ship between contact force and clinical outcome during
radiofrequency catheter ablation of atrial fibrillation in
the TOCCATA study. Heart Rhythm. 2012;9(11):1789-
95. doi:10.1016/j.hrthm.2012.07.016.

Otomo K, Okamura H, Noda T, Satomi K, Shimizu W,
Suyama K, Kurita T, Aihara N, Kamakura S. Left-variant:
atypical atrioventricular nodal reentrant tachycardia:
electrophysiological characteristics and effect of slow
pathway ablation within coronary sinus. ] Cardiovasc
Electrophysiol. 2006;17(11):1177-83.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.e

Green J, et al. “Left ventricular” AV nodal reentrant
tachycardia: case report and review of the literature.
Heart Rhythm Case Reports. 2016;2(5):367-71.
Pasquié JL, Scalzi J, Madia JC, Leclercq F, Grolleau-
Raoux R. Long-term safety and efficacy of slow path-
way ablation in patients with atrioventricular nodal re-
entrant tachycardia and pre-existing prolonged PR in-
terval. Europace. 2006;8(2):129-33.

Li YG, Gronefeld G, Bender B, Machura C, Hohnloser
SH. Risk of development of delayed atrioventricular
block after slow pathway modification in patients with
atrioventricular nodal reentrant tachycardia and a pre-
existing prolonged PR interval. Eur Heart J.
2001;22(1):89-95.

Natale A, Greenfield RA, Geiger MJ, Newby KH, Kent V,
Wharton JM, Kearney MM, Brandon MJ, Zimerman L.
Safety of slow pathway ablation in patients with long
PR interval: further evidence of fast and slow pathway
interaction. Pacing Clin Electrophysiol.
1997;20(6):1698-703.

Bailin SJ, Korthas MA, Weers NJ, Hoffman CJ. Direct
visualization of the slow pathway using voltage gradi-
ent mapping: a novel approach for successful ablation
of atrioventricular nodal reentry tachycardia. Europace.
2011;13(8):1188-94. doi:10.1093/europace/eurl 12.
Malloy L, Law IH, Von Bergen NH. Voltage mapping
for slow-pathway visualization and ablation of atrio-
ventricular nodal reentry tachycardia in pediatric and
young adult patients. Pediatr Cardiol.
2014;35(1):103-7. d0i:10.1007/s00246-013-0748-7.
Heydari A, Tayyebi M, Jami RD, Amiri A. Role of iso-
proterenol in predicting the success of catheter ablation
in patients with reproducibly inducible atrioventricular
nodal reentrant tachycardia. Tex Heart Inst J.
2014;41(3):280-5. d0i:10.14503/THIJ-13-3332.
Lindsay BD, Chung MK, Gamache MC, Luke RA,
Schechtman KB, Osborn JL, Cain ME. Therapeutic end
points for the treatment of atrioventricular node reen-
trant tachycardia by catheter-guided radiofrequency
current. ] Am Coll Cardiol. 1993;22(3):733-40.
Eckhardt LL, Leal M, Hollis Z, Tanega J, Alberte C.
Cryoablation for AVNRT: importance of ablation endpoint
criteria. J Cardiovasc Electrophysiol. 2012;23(7):729-34.
doi:10.1111/j.1540-8167.2011.02289 x.

De Sisti A, Tonet J, Amara W, Raguin D, Aouate P,
Gueffaf F, Touil F, Hidden-Lucet F. Correlations be-
tween long-term results after cryoablation for atrio-
ventricular nodal reentry tachycardia and a residual
jump associated or not with a single echo. Europace.
2012;14(2):261-6. doi:10.1093/europace/eur297.
Katritsis DG, Zografos T, Katritsis GD, Giazitzoglou E,
Vachliotis V, Paxinos G, Camm AJ, Josephson ME.
Catheter ablation vs. antiarrhythmic drug therapy in
patients with symptomatic atrioventricular nodal re-
entrant tachycardia: a randomized, controlled trial.
Europace. 2016 May 12. pii: euw064.

A small but recent randomized control trial citing the safety
and efficacy for choosing ablation over antiarrthythmic drug
therapy for the treatment of AVNRT.


http://dx.doi.org/10.1161/CIRCULATIONAHA.110.970350
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.970350
http://dx.doi.org/10.1016/j.hrthm.%202007.10.013
http://dx.doi.org/10.1016/j.hrthm.%202007.10.013
http://dx.doi.org/10.1016/j.hrthm.2012.07.016
http://dx.doi.org/10.1093/europace/eur112
http://dx.doi.org/10.1007/s00246-013-0748-7
http://dx.doi.org/10.14503/THIJ-13-3332
http://dx.doi.org/10.1111/j.1540-8167.2011.02289.x
http://dx.doi.org/10.1093/europace/eur297

Curr Treat Options Cardio Med (2017) 19: 34

Page 13 0of 13 34

35.

36.

37.

38.

39.

40.

Chimienti M, Cullen Jr MT, Casadei G. Safety of
flecainide versus propafenone for the long-term man-
agement of symptomatic paroxysmal supraventricular
tachyarrhythmias. Report from the Flecainide and
Propafenone Italian Study (FAPIS) Group. Eur Heart J.
1995;16(12):1943-51.

Wanless RS, Anderson K, Joy M, Joseph SP. Multicenter
comparative study of the efficacy and safety of sotalol
in the prophylactic treatment of patients with parox-
ysmal supraventricular tachyarrhythmias. Am Heart J.
1997;133(4):441-6.

Gambhir DS, Bhargava M, Nair M, Arora R, Khalilullah
M. Comparison of electrophysiologic effects and effi-
cacy of single-dose intravenous and long-term oral
amiodarone therapy in patients with AV nodal reen-
trant tachycardia. Indian Heart J. 1996;48(2):133-7.
Musto B, D'Onoftio A, Cavallaro C, Musto A, Della
Gatta O, Marsico F. Electrophysiological effects and
clinical efficacy of flecainide in childhood patients with
supraventricular reciprocating paroxysmal tachycardia.
G Ital Cardiol. 1987;17(5):444-9. Italian

Kohli V. Oral flecainide is effective in management of
refractory tachycardia in infants. Indian Heart J.
2013;65(2):168-71. doi:10.1016/j.ihj.2013.02.009.
Calkins H, Yong P, Miller JM, Olshansky B, Carlson M,
Saul JP, Huang SK, Liem LB, Klein LS, Moser SA, Bloch

4]1.e

DA, Gillette P, Prystowsky E. Catheter ablation of ac-
cessory pathways, atrioventricular nodal reentrant
tachycardia, and the atrioventricular junction: final re-
sults of a prospective, multicenter clinical trial. The
Atakr Multicenter Investigators Group. Circulation.
1999;99(2):262-70.

Santangeli P, Proietti R, Di Biase L, Bai R, Natale A.
Cryoablation versus radiofrequency ablation of atrio-
ventricular nodal reentrant tachycardia. J Interv Card
Electrophysiol. 2014;39(2):111-9. d0i:10.1007/
$10840-013-9842-2.

Large meta-analysis consisting of 2340 patients comparing
radiofrequency ablation to cryo ablation of AVNRT showing
lower recurrence with RF but with a higher risk of permanent
AV block

420

Hanninen M, Yeung-Lai-Wah N, Massel D, Gula L],
Skanes AC, Yee R, Klein GJ, Manlucu J, Leong-Sit P.
Cryoablation versus RF ablation for AVNRT: a meta-
analysis and systematic review. ] Cardiovasc
Electrophysiol. 2013;24(12):1354-60. doi:10.1111/
jce.12247.

Another large meta-analysis consisting of 5617 patients com-
paring radiofrequency ablation to cryo ablation of AVNRT
showing similar results to the trial by Santangeli et al where a
lower risk of recurrence with RF comes at the expense of a
slightly higher risk of AV block


http://dx.doi.org/10.1016/j.ihj.2013.02.009
http://dx.doi.org/10.1007/s10840-013-9842-2
http://dx.doi.org/10.1007/s10840-013-9842-2
http://dx.doi.org/10.1111/jce.12247
http://dx.doi.org/10.1111/jce.12247

	How to Approach Difficult Cases of AVNRT
	Opinion statement
	Introduction
	Preparation for ablation/setup
	Radiofrequency catheter ablation of AVNRT
	Cryoablation of AVNRT
	Left-sided ablation of AVNRT
	Challenges of AVNRT ablation
	Endpoints for ablation of AVNRT
	Medical therapy for AVNRT
	Potential complications
	Conclusion
	Compliance with Ethical Standards
	References and Recommended Reading


