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Background: Left-sided ablation, targeting left inferior AV nodal extensions, is thought to be necessary
for success in a small proportion of atrioventricular nodal re-entrant tachycardia (AVNRT) ablations;
however Indian data are scarce in this regard.
Methods: Consecutive cases of AVNRT undergoing slow pathway ablation in a single centre over an 18-
month period were retrospectively analyzed. Left-sided ablation at the posteroseptal mitral annulus was
performed if right-sided ablation failed to abolish AVNRT.
Results: From January 2017 to June 2018, out of 215 consecutive supraventricular tachycardia (SVT) cases,
154 (71.6%) were AVNRT (47.1 ± 13.1 years, 46.1% male). Trans-septal ablation was required in 5 (3.2%)
cases (mean age 48.8 ± 9.4 years; 4 female, 1 male); all with typical (slow-fast) form of AVNRT. Compared
with cases needing only right-sided ablation, radiofrequency time (50.8 ± 16.9 vs. 9.9 ± 8.5 min;
p ¼ 0.005) and procedure time (166.0 ± 35.0 vs 79.6 ± 35.9 min; p ¼ 0.004) were significantly longer for
trans-septal cases, while baseline intervals and tachycardia cycle length were not significantly different.
Junctional ectopy was seen in only 2 of the 5 cases during left-sided ablation, but acute success (non-
inducibility) was obtained in 3 cases. There were no instances of AV block. Over mean follow-up of
12.2 ± 4.0 months, clinical recurrence of AVNRT occurred in one case, while others remained arrhythmia-
free without medication.
Conclusion: Left-sided ablation was required in a small proportion of AVNRT ablations. Trans-septal
approach targeting the posteroseptal mitral annulus was safe and yielded good mid-term clinical success.
Copyright © 2020, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Atrioventricular nodal re-entrant tachycardia (AVNRT) is the
commonest supraventricular tachycardia (SVT) encountered in
clinical practice [1]. Catheter ablation is the treatment of choice for
AVNRT, especially if it is drug refractory, considering the high
success rates and low risk of complications [2]. AVNRT is postulated
to arise due to the so called dual AV node physiology, wherein, two
possible pathways for conduction, namely the fast pathway and
slow pathway exist in the AV node, with different conduction ve-
locities and refractory periods, thereby setting up conditions for re-
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entry [3].
Radiofrequency ablation (RFA) of the slow pathway has been

established as the safest and most effective means of successfully
eliminating AVNRT [4,5]. Slow pathway RFA can be achieved suc-
cessfully in most cases by ablation at the inferior aspect of the
triangle of Koch, considered to be the location of the right inferior
nodal extension [6]. However, in a small proportion of cases,
elimination of AVNRT can prove very difficult despite conventional
ablation at the inferior Koch’s triangle as well as higher up in the
right mid-septal region, which is also additionally fraught with a
greater risk of AV block. It has been proposed that left sided inferior
nodal extensions could constitute the critical slow pathway in some
cases andmay need to be targeted to achieve success. Both ablation
inside the coronary sinus (CS), a few millimetres from the ostium,
and in the left posteroseptal mitral annulus have been described to
ablate such leftward AV nodal extensions [7e9]. Data regarding left
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sided ablations for AVNRT have been mainly derived fromwestern
studies, with relatively limited data from Asian populations.

We performed a retrospective study of consecutive cases of
AVNRT undergoing ablation from a single centre in South India, to
assess the frequency of left sided ablation, clinical characteristics,
success rates and follow-up.

2. Methods

2.1. Study population

This was a retrospective analysis carried out in a single tertiary
care centre in South India. Our centre has a dedicated electro-
physiology service and performs around 150 to 175 SVT ablations
every year, most of which is AVNRT. Consecutive cases of AVNRT
undergoing catheter ablation over an 18-month period (January
2017 to June 2018) were analyzed. All patients had symptomatic
AVNRT. Indications for ablation were recurrent symptoms despite
medications, intolerance to medications or patient preference for
ablation rather than taking regular medications. Only patients
undergoing a first ablation procedure were included in this study;
subjects undergoing repeat procedures were not included.

2.2. Data collected

Demographic and clinical characteristics including age, sex and
presence of cardiovascular risk factors such as diabetes, hyperten-
sion etc. were obtained from medical records. Information on LV
function and presence of any structural heart disease was obtained
from echocardiogram report. Coronary artery disease (CAD) was
defined as > 50% stenosis in an epicardial coronary artery in
angiogram, past history of CAD, myocardial infarction (MI) or
percutaneous coronary angioplasty. Renal dysfunction was defined
as a creatinine value � 1.5 mg/dL.

2.3. Ablation procedure

Catheter ablation was carried out using a standard protocol in
the cardiac catheterization laboratory, under local anaesthesia us-
ing theWorkMate™ electrophysiology system (Abbott Labs, St Paul,
USA). Rate control medications, such as beta blockers and calcium
channel blockers were stopped at least 48 hours prior to procedure.
Right femoral transvenous access was used for catheter placement
universally. The standard procedure used three catheters, namely a
decapolar catheter in the coronary sinus (CS), a quadripolar cath-
eter in the His location and an ablation catheter, which was also
used as a right ventricular (RV) catheter during the initial electro-
physiology (EP) study. Diagnoses of typical (slow-fast) and atypical
(slow-slow) AVNRT were confirmed using standard electrophysio-
logic manoeuvers as per definitions described in literature [10].
Radiofrequency (RF) energy was used for ablation in all cases. The
slow pathway was targeted for ablation at the inferior Kochs tri-
angle using an anatomical approach, under fluoroscopic guidance,
as has been described [6]. Non-irrigated ablation was used; usual
RF settings were 35e40 Watts power and 55e60 �C, which was
changed as per operator discretion in individual cases if required.
Endpoints for ablation included non-inducibility of AVNRT as well
as significant modification of slow pathway conduction, defined as
not more than one AV nodal echo on atrial programmed electrical
stimulation (PES) [11]. Robust attempts at re-induction of AVNRT
were performed in all cases, including using isoprenaline infusion,
atrial burst pacing and at least two atrial extrastimuli on PES.
Procedural details of the AVNRT ablation were collated from the
procedure notes as well as stored data in the EP system, and
included total procedure time, RF time and use of long sheath for
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stability.

2.4. Left sided (trans-septal) ablation

Left sided (trans-septal) ablation was performed, if AVNRT
(sustained or non-sustained) was re-inducible despite extensive
right sided ablation. This generally included ablation first at the
standard slow pathway location at the inferior triangle of Koch,
followed by cautious ablation at relatively higher level in the mid-
septal region, and finally low power ablation (20e25 W) inside the
CS. CS ablation was usually within 1 cm of the CS ostium. Coronary
angiography was not systematically performed prior to CS ablation;
however only low power (<25 W), non-irrigated ablation was used
and ablation was limited to maximum 30 seconds at a time, while
monitoring the ECG. Slow junctional rhythm was aimed at during
ablation, with 1:1 VA conduction in every beat. Ablation was
promptly terminated on occurrence of either fast junctional rhythm
or VA block for a single beat. If AVNRT was re-inducible despite all
the above steps, trans-septal access was obtained in standard
fashion using a SL0 long sheath (Abbott, USA) and Brockenborough
needle (Medtronic, USA). The posteroseptal mitral annulus was
targeted for ablation under fluoroscopic guidance, aiming for a
small atrial and large ventricular signal, without any left sided His
signal. Representative RAO and LAO fluoroscopic views from a
successful case with junctional beats during left sided ablation are
shown in Fig. 1 (views from other patients included as
supplementary figures). Left sided ablation was started at the
lowest level possible, below the CS ostium level, with a small A and
large V signal. Representative electrograms at the site of ablation in
two cases, where junctional rhythm was obtained, are shown in
Fig. 2. In case of lack of success, the ablation catheter was moved
cautiously higher, up to a maximum level which could be said to
correspond to a right sided “mid septal” level. Similar safety pa-
rameters were followed, as for right sided ablation. Anticoagulation
with heparin at 100 units/Kg body weight was used in case of left
sided ablation.

2.5. Follow-up

Anti-arrhythmic and rate control medications were dis-
continued post procedure in all patients except two. All patients
were advised systematic follow-up at 2 weeks, 3 months, 6 months
and one year, as well as interim visits if they had any symptoms. All
patients were instructed to promptly obtain a 12-lead ECG at the
nearest available centre in case of any suspicious symptoms. The
importance of obtaining an ECG during symptoms was stressed, in
order to pick up any recurrences.

2.6. Statistical analysis

Continuous variables were expressed as mean and standard
deviation, categorical variables were expressed as numbers and
percentages. Comparisons were performed using t-test for contin-
uous variables and chi-square test for categorical variables. P
value � 0.05 was considered significant. Statistical analysis was
performed using Microsoft Excel (Microsoft corp., USA).

3. Results

From January 2017 to June 2018, out of a total of 215 consecutive
cases of SVT, 154 (71.6%) were AVNRT. Baseline demographic and
clinical characteristics of the AVNRT cases are listed in Table 1. The
mean age of the patients was 47.1 ± 13.1 years and majority were
females. Concomitant coronary artery disease was seen in 10.4% of
cases and left ventricular systolic function was normal, except in



Fig. 1. Left anterior oblique (LAO; panel A) and Right anterior oblique (RAO; panel B) views showing the usual site for left sided trans-septal ablation at the posteroseptal mitral
annulus.

Fig. 2. Panels A and B showing representative electrograms from two cases at sites where junctional beats were obtained in left sided ablation. (Abl - Ablation catheter signals, His-
His catheter signals, CS- Coronary sinus signals; d-distal; p-proximal).

Table 1
Demographic, Clinical and Procedural Details of Patients undergoing AVNRT
ablation (n ¼ 154).

Age (years) 47.1 ± 13.1

Male, n (%) 71 (46.1)
Diabetes, n (%) 29 (18.8)
Hypertension, n (%) 42 (27.3)
Coronary artery disease n (%) 16 (10.4)
LV Systolic Dysfunction n (%) 2 (1.2)
Renal Disease, n (%) 13 (8.4)
Use of Long Sheath, n (%) 10 (6.5)
Mean Procedure time 82.9 ± 39.5 min
Mean RF Duration 11.4 ± 11.8 min
Mean RF Power 28.1 ± 6.2 W
Mean RF Temperature 48.4 ± 6.6� Celsius
Ablation inside CS, n (%) 18 (11.7)

LV- Left Ventricular; RF- Radiofrequency, CS- Coronary sinus.
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two cases. There was no structural heart disease, except in one case
who had a repaired sub-pulmonic ventricular septal defect.

Pre procedure medications were beta blockers and/or calcium
channel blockers in all cases and amiodarone in one case. Almost all
patients had the typical (slow-fast) form of AVNRT, except one who
had only atypical (slow-slow) AVNRTand two others, who had both
forms (typical and atypical) of AVNRT inducible.

Mean total procedure time was 82.9 ± 39.5 min, with mean RF
duration of 11.4 ± 11.8 min. Among the cases in which only right
sided ablation was performed, a long sheath was needed for
7

stability in five cases; either an SL0 or Agilis sheath (Abbott, USA)
was used. Three dimensional mapping systems or irrigated ablation
were not used in any case. In addition to ablation in the Koch’s
triangle, overall 18 of the 154 patients (11.7%) had additional
ablation within the coronary sinus. This helped acutely abolish
AVNRT in all except the five cases who required additional left sided
ablation as detailed below.
3.1. Left sided ablation

Left sided (trans-septal) ablation was performed in 5 out of 154
cases (3.2%; 95% confidence interval 1.1e7.4%) as a result of failure
of extensive right sided ablation (including within the coronary
sinus) to eliminate the arrhythmia. All the 5 cases (mean age
48.8 ± 9.4 years; 4 female, 1 male) had the typical (slow-fast) form
of AVNRT. The posteroseptal mitral annulus region was targeted
under fluoroscopic guidance as already described in the methods
(Fig. 1), aiming for slow junctional rhythm. Compared to only right
sided ablation, both the average RF time (50.8 ± 16.9 vs.
9.9 ± 8.5 min; p ¼ 0.005) and procedure time (166.0 ± 35.0 vs.
79.6 ± 35.9 min; p¼ 0.004) were significantly longer (Table 2). This
was mainly due to prolonged attempts at right sided ablation,
including, in some cases, performing linear ablation line from CS
ostium to tricuspid annulus, before finally going trans-septal.
Electrophysiologic characteristics, including basal sinus cycle
length, AH interval, HV interval and tachycardia cycle length were
not significantly different between the two groups (Table 2).



Table 2
Comparison of Demographic/Procedural Characteristics between Right sided and Left sided ablation.

Right Sided Ablation Only (n ¼ 149) Right plus Left sided Ablation (n ¼ 5) P value

Age (years) 47.0 ± 13.2 48.8 ± 9.4 0.70
Female, n (%) 79 (53.0) 4 (80.0) 0.24
Sinus cycle length (ms) 740.7 ± 140.5 757.0 ± 121.7 0.78
AH Interval (ms) 71.7 ± 16.8 78.6 ± 16.4 0.40
HV Interval (ms) 44.2 ± 8.6 45.2 ± 7.6 0.80
Tachycardia Cycle length (ms) 321.2 ± 42.1 302.5 ± 54.4 0.54
RF time (minutes) 9.9 ± 8.5 50.8 ± 16.9 0.005
Procedure time (minutes) 79.6 ± 35.9 166.0 ± 35.0 0.004
RF Power (Watts) 29.1 ± 6.2 27.2 ± 7.3 0.59

AH- Atrium-to-His interval, HV- His-to-Ventricle interval, RF- Radiofrequency.
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Junctional ectopy was obtained in only 2 of the 5 cases during left
sided radiofrequency application. However, AVNRT was rendered
completely non-inducible in 3 out of the 5 cases after left sided
ablation, despite aggressive re-induction testing. In the remaining
two cases, non-sustained AVNRT (5e6 beats) was inducible on high
dose isoproterenol in one case, while in the other, sustained
tachycardia was inducible on isoproterenol despite left sided
ablation and was deemed an acute failure. In the former case with
non-sustained AVNRT, induction of the arrhythmia only on pro-
grammed atrial stimulation with double atrial extrastimuli and
consistent initiation of arrhythmia with abrupt AH prolongation,
both suggested true AVNRT rather than accelerated junctional
rhythm due to isoproterenol.

There was no acute occurrence of AV block in any of the cases.
There were no instances of coronary arterial complications related
to CS ablation.

3.2. Follow-up

Mean duration of follow-up was 12.2 ± 4.0 months. All patients
completed at least 2 follow-up visits. There was no clinical, symp-
tomatic recurrence of AVNRT, except in the one case, which was an
acute procedural failure, despite left sided ablation. This patient
was restarted on metoprolol and had 2 clinical recurrences till last
follow-up. All other patients remained off any anti-arrhythmic
medications. There were no delayed instances of AV block or any
other adverse events noted at follow-up.

4. Discussion

In this study of consecutive patients with AVNRT undergoing
ablation, 3.2% of patients needed left sided ablation at the septal
mitral annulus due to failure of right sided ablation, including
within the CS to abolish the arrhythmia. Although junctional
rhythm was not obtained in all patients undergoing left sided
ablation, acute success could still be achieved in 3 out of 5 cases and
midterm clinical success in 4 of 5 cases. Cases needing left sided
ablation had longer RF and procedure times, mainly due to pro-
longed attempt on the right side. Electrophysiologic characteristics
including AH, HV intervals and tachycardia cycle length did not
significantly differ between the two groups.

The observation that some cases of AV junction ablation require
left sided ablation for success, led operators to initially attempt left
sided ablation for AVNRT at the septal mitral annulus. This strategy
was shown to be successful either by the retrograde aortic or trans-
septal approach in small series initially [12] [8]. Subsequently, the
concept of left sided inferior nodal extensions warranting left sided
ablation in a proportion of AVNRT cases has been confirmed in
larger studies. In a series of 221 cases, Katritsis et al. reported 1.8%
of patients requiring left sided ablation with good success and low
recurrence rates [7]. In another study of 587 patients with typical
8

AVNRT, left sided ablation, either in posteroseptal or mid septal
mitral annulus, was required in 1.5% of cases where extensive right
sided ablation had failed, with left sided ablation succeeding in all
but one case. The tachycardia cycle length was noted to be longer in
patients needing left sided ablation, with no other significant dif-
ferences in clinical or electrophysiologic characteristics [13]. A se-
ries comparing typical and atypical variants of AVNRT, reported
need for left septal ablation in 2.7% of atypical AVNRT, but not in
typical AVNRT [14]. It is noteworthy that all cases needing left sided
ablation in the present series had typical form of AVNRT.

Junctional beats during ablation were obtained in only 2 out of
the 4 cases with clinical success in left sided ablation in the present
study. The available literature suggests that occurrence of junc-
tional rhythm, while encountered in most cases, is not universal. In
a recent large series involving >1000 patients, junctional rhythm
during AVNRT ablation was noted in about 96% of cases and junc-
tional rhythm was not a predictor of arrhythmia recurrence. Junc-
tional rhythm is a sensitive but not specific predictor of ablation
success [15]. The lower proportion of junctional rhythm noted in
our left sided ablations may be related to the limited number of
patients studied. Further studies with greater number of patients
will help clarify the optimal end points for success in left sided
AVNRT ablation.

Ablation at the mitral annulus for AVNRT has been mostly
described from Western literature, with scarce reports from the
Asian region. Ito et al. described a trans-aortic approach to left sided
ablation for AVNRT [16]. Other studies, although detailing the
concept of left nodal extensions participating in AVNRT, have
described only ablationwithin the CS to successfully eliminate such
extensions. Nam et al. described eccentric CS activation pattern
(earliest activation 10e20 mm inside CS), as denoting left atrio-
nodal connections in AVNRT, with ablation within the CS being
needed in a minority to achieve success [17]. Another Japanese
study involving only atypical AVNRT, similarly denoted eccentric CS
activation and need for ablation within the CS to eliminate such
“left variant” AVNRTs [18]. Using careful analysis with CS venog-
raphy, eccentric CS activation in AVNRT has been described in
almost 7% of AVNRT; however presence of such activation does not
necessarily predict the need for left sided or CS ablation for success.
Left sided inputs have been suggested to be more common in fe-
males and in atypical variants of AVNRT [19]. Contrarily, no
eccentric CS activationwas noted in our series of patients; although
in the absence of systematic CS venography, some may have been
missed.

It is increasingly recognised that the AVNRT circuit is not strictly
confined to the compact AV node, but involves adjoining atrial
tissue as well. The existence of both right and left sided posterior
nodal extensions has been shown anatomically [20,21]. Using
cellular action potential recordings as well as immunohistochem-
istry, AV nodal-like cells have been demonstrated adjacent to both
tricuspid and mitral annuli and thought to form the substrate for
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slow pathway conduction [22]. Careful intra-cardiac recordings
have shown earlier activation on the left side of the atrial septum
during retrograde slow pathway conduction, as well as shorter
stimulus to His intervals when pacing from the left infero-
paraseptal area as compared to the right. However, both of these
were shown to be abolished by conventional right sided slow
pathway ablation, which suggests that although left sided exten-
sions are common, right sided ablation suffices in many of these
cases [23,24]. This in turn suggests some inter-connection between
right and left sided atrial inputs. Indeed, prolongation of inter-atrial
conduction time has been documented following conventional
right sided slow pathway ablation denoting loss of this inter-
connection [25]. Occasionally, the presence of left nodal exten-
sions has been shown even in the lateral mitral annulus;
masquerading as a left lateral accessory pathway which can be
challenging to ablate [26]. The technique of using a late atrial
extrastimulus from the inferolateral left atrium during AVNRT to
advance the His and reset the tachycardia has been described to
localize the ablation target [27]. Given the complexity and multi-
plicity of atrial extensions or breakthroughs from the AV node, it
follows that the AVNRT circuit will need ablation from the left side
in a few cases [28].

This is important to bear in mind as progressively higher levels
of ablation on the right side due to lack of success will increase risk
of AV block. Ablation confined to the inferior aspect of the triangle
of Koch, with additional ablation within the coronary sinus or low
left septumwithoutmoving to higher levels has been described as a
safer approach to avoid AV block [29]. Taking this concept even
further, Katritsis et al. have proposed only left sided ablation as an
alternative approach to AVNRT ablation and demonstrated its
feasibility in a small series of patients [30]. While such a strategy
clearly needs further study, a systematic escalating approach for
AVNRT ablation can be proposed, starting with the posteroseptal
right atrium, moving little superiorly to the mid septum, followed
by ablation inside the CS and finally the left posteroseptal and
possibly even the lateral mitral annulus [31]. It is likely that ablation
strategies will undergo further refinement in the near future as we
achieve an even better understanding of the AVNRT circuit.

4.1. Limitations

Although we have described left sided ablation for AVNRT from
a large series of patients, some limitations are acknowledged. This
was a single centre study, and thus the results, including the pro-
portion of AVNRT requiring left sided ablation, may not be gener-
alizable across India or Asia. We mainly used an anatomical
approach on both sides of the septum and did not systematically
map slow pathway potentials. We also did not systematically use
pacing or resettingmanoeuvres from themitral annulus whichmay
have better delineated targets for ablation. Left sided ablation was
confined to the posteroseptal mitral annulus and the lateral mitral
annulus was not mapped; however grossly eccentric CS activation
was not seen in any of our cases. Considering the small number of
patients requiring left sided ablation, we could not identify any
specific characteristics that would predict the need for left sided
ablation. Further studies with larger numbers may be useful in this
regard. Our understanding and approach towards difficult AVNRT
cases continues to evolve and accumulating experience should lead
to further refinement of strategies in the near future.

5. Conclusion

In this large series of consecutive AVNRT cases, left sided abla-
tion helped eliminate arrhythmia in the small proportion of cases
where extensive right sided ablation failed. A trans-septal
9

approach, anatomically targeting the posteroseptal mitral annulus
yielded reasonable success, even in the absence of junctional
ectopy during ablation. Left posterior extensions can be a key
participant in the AVNRT circuit and left sided ablation is an
important alternative strategy to bear in mind, both to maximize
success and minimize potential risk in AVNRT ablation.
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