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ABSTRACT. Atrioventricular (AV) junction ablation (AV]JA) is an acceptable strategy to con-
trol the heart rate in atrial fibrillation (AF) with a high procedural success rate. However, a small
subset of patients pose a technical challenge with the standard right-sided approach. High-output
His-bundle pacing has been shown to help localize the His bundle in a difficult-to-ablate AV
junction. We report a case series of patients with difficult-to-ablate AV]A and present strategies
to troubleshoot them. In this small series of patients, we found that high-output His pacing can be
an effective alternative for successfully localizing the AV]A site. In this series, we also observed

that an inability to achieve His capture from the right side can predict failure of ablation using the
standard right-sided approach and the consequent need for a left-sided approach.

KEYWORDS. Anti-arrhythmic, atrial fibrillation, atrioventricular junction, atrioventricular
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Introduction

Atrioventricular (AV) junction (AV]) ablation (AVJA) is
performed in patients with atrial fibrillation (AF) who
are not good candidates for a rhythm-control strategy
by using either anti-arrhythmic medication or radiof-
requency ablation (RFA).! AV node (AVN) ablation is
nearly uniformly successful, with a right-sided approach
achieving AV block in 95% of pa’cients.2 However, a small
subset of patients pose a challenge in terms of ablation
success. Several techniques have been described to
achieve successful ablation in such difficult cases. We
present a retrospective case series of such patients and

The authors report no conflicts of interest for the published content.
No funding information was provided.

Manuscript received December 1, 2021. Final version accepted
February 10, 2022.

Address correspondence to: Khalil Kanjwal, MD, FACC, FHRS,
CCDS, CEPS(P), Michigan State University, McLaren Greater
Lansing Hospital, Lansing, MI 48901, USA.

Email: khalilkanjwal@yahoo.com.

5077

ISSN 2156-3977 (print)
ISSN 2156-3993 (online)
CCBY 4.0 license

© 2022 Innovations in Cardiac
Rhythm Management

discuss the role of high-output His pacing to achieve
ablation success.

Methods

In this retrospective case series, patients who failed
AVN ablation with the standard right-sided approach
were identified. All patients suffered drug-refractory
rate-uncontrolled permanent AF. These patients had
multiple hospitalizations for the control of heart rate and
were not candidates for a rhythm-control strategy. In all
patients, a single (SR0; Abbott, Chicago, IL, USA) sheath
was inserted into the right femoral vein using the mod-
ified Seldinger technique under ultrasound guidance. A
non-irrigated 8-mm Navistar ablation catheter (Biosense
Webster, Diamond Bar, CA, USA) was used to map the
His bundle and AVN. Three-dimensional (3D) electroan-
atomic mapping using the CARTO® system (Biosense
Webster) was performed, and the areas with a His signal
were tagged on the 3D map. The mapping was performed
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in the anteroseptal and midseptal areas of the AV] and
base of the right ventricle. The standard right-sided
approach was attempted just proximal to the His cloud
corresponding to the area of compact AVN. Ablation was
performed at 60°C-80°C and a power of 50 W. In patients
who failed the standard approach, His pacing was per-
formed using 20 mA at a 2-ms output, and areas where
high output resulted in a narrower native-looking QRS
were tagged and ablation was performed at those points.
Patients who failed to demonstrate His capture were
ablated using a retrograde transaortic approach from the
left side. The number of ablations attempted at each site
varied between 4-6, and each was 45-60 s in duration. The
number of sites where ablations were attempted included
>4 sites in the anteroseptal and midseptal areas of the AV].
Group 3 had His pacing performed in the beginning, and
this group did not have difficult-to-ablate AVNs.

This retrospective study was approved by our institu-
tional review board, and verbal informed consent was
obtained from the patients.

Results

The baseline characteristics of our cohort of 10 patients
are presented in Table 1.

We divided these 10 patients into 3 groups.

Group 1

This group included 3 patients (aged 68-88 years; all
were male) in which the standard right-sided approach
was tried first but failed and high-output His pacing
was used for localizing the successful ablation site. A
non-irrigated 8-mm Navistar ablation catheter was used
to map the His bundle and AVN. A small His signal was
appreciated on the His electrogram. 3D electroanatomic
mapping using the CARTO® system was performed, and
the area with a His signal was tagged on the 3D map.
Multiple attempts at 60°C-80°C and a power of 50 W
failed to achieve heart block. Subsequently, His pacing
was performed, and areas with a narrower QRS (His
capture) were tagged. Ablation was attempted again in
these areas, which resulted in complete heart block. Thus,
this group included patients with difficult AVJA, and
His-bundle pacing helped in localizing the target site by

Table 1: Demographics of the
Study Population (N = 10)

Age (years) 68-88
White 100%
Male sex 8 (80%)
Comorbidities
HTN 9 (90%)
Coronary artery disease | 6 (60%)
DM 4 (40%)

Abbreviations: DM, diabetes
mellitus; HTN, hypertension.
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producing His capture; ablation in these areas was suc-
cessful from the right side (Figures 1-3).

Group 2

This group included 3 patients (aged 69-76 years; 2 were
male) who, after a failed right-sided standard approach,
also failed to demonstrate His capture, and a left-sided
approach was subsequently used as a bailout for success-
ful ablation. 3D electroanatomic mapping of the septum
using the CARTO® system was performed, and the area
with a His signal was tagged on the 3D map. Multiple
attempts at 60°C-80°C and a power of 50 W failed to
achieve heart block. At that point, it was decided to per-
form high-output pacing to look for capture of the His
bundle by producing a narrow QRS complex. However,
we were not able to capture the His bundle. Failure of
His-bundle capture was likely due to a deeply seated
His bundle. It was decided to target the AV] from the left
side. The ablation catheter was advanced to the left ven-
tricle through the right femoral artery. An area beneath
the non-coronary cusp was extensively mapped. A single
burn in this area with a His signal on the distal electrode
of the ablation catheter resulted in instantaneous heart
block in all 3 patients (Figures 4 and 5).

Group 3

In this group of 4 patients (aged 74-86 years; 3 were male),
high-output His pacing was performed at the beginning
of the case to localize the ablation target. Three patients
demonstrated His capture, while 1 did not demonstrate
His capture. All 3 patients who demonstrated His capture
with high-output pacing were ablated from the right side
without any difficulty after a few ablations. The patient
in whom we could not demonstrate His capture had an
unsuccessful ablation from the right side after multiple
(5 attempts, each 1 min in duration at 3 sites) attempts
and, subsequently, we performed a left-sided AVJA using
a retro-aortic route.

Discussion

The American College of Cardiology/American Heart
Association/Heart Rhythm Society AF practice guide-
lines indicate that AVJA with permanent ventricular
pacing is a reasonable strategy to control the heart rate
in AF when pharmacological therapy is inadequate and
rhythm control cannot be achieved (class Ila, level of evi-
dence B).! AVJA is a relatively simple procedure, with a
standard right-sided approach, achieving AV block in
95% of patients.? However, it can occasionally prove to be
a technically challenging procedure. The His signal acts
as a surrogate for AVN, and the mapping during AVN
ablation usually starts with localizing the His signal, as
the current mapping systems are not capable of recording
the electrical activity of the AVN. The AVN is localized
in the atrial tissue at the apex of the triangle of Koch. The
objective of AVJA is to ablate the compact AVN, leaving
a stable, ideally junctional escape rhythm. This is usually
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Figure 1: Intracardiac electrogram showing a very small His signal on the second and fourth beats.
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Figure 2: High-output His pacing produces a narrow QRS complex. As the output is decreased, there is a loss of the His capture
(wide QRS complex). Subsequent ablation in these areas produced complete heart block.

performed by RFA in the right atrium, typically at a loca-
tion that displays a large atrial and smaller ventricular
electrogram (with an atrial-to-ventricular [A:V] ratio of
>1) along with a definite His potential on the ablation
catheter.” However, the presence of AF often precludes
identification of adequate atrial electrograms and makes
visualization of the His bundle challenging. Also, the A:V
electrogram ratio may be variable in the presence of AE.
Unsuccessful ablation attempts can further worsen the
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situation by creating tissue edema and making it even
more difficult to appreciate a good His-bundle signal.
Cardioversion to identify the signals has been suggested
but practically is not always convenient or feasible. In this
context, additional techniques are required for successful
AVJA.

We had earlier demonstrated in a case report that, in a
difficult-to-ablate AV], high-output His pacing can be
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Figure 3: A and B: The yellow-tagged areas correspond to the areas where high-output pacing produced direct His capture
(narrow QRS). Ablation in the blue-tagged area proximal and posterior to the presumed His area produced complete heart
block as is suggested by a paced QRS complex.
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Figure 4: Three-dimensional electroanatomic map showing the right atrium, tricuspid valve, aortic root, and ascending aorta.
Multiple ablations from the right side failed to achieve heart block as can be seen by multiple ablation tags from the right side.
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Figure 5: Successful site of ablation below the non-coronary cusp with a His bundle signal of the distal electrode (left panel) of
the ablation catheter corresponding to the blue dot. A single burn (blue dot) produced complete heart block.

performed in an attempt to successfully localize and
ablate the His bundle.* Subsequently, Kulkarni et al.
compared this approach with the standard right-sided
approach and showed that His-bundle pacing was an
effective technique to identify optimal ablation sites dur-
ing AVJA and was associated with trends toward fewer
RF energy applications and a shorter mean RF time.’
Para-Hisian pacing is commonly performed during the
electrophysiological study of supraventricular tachycar-
dia to assess whether the retrograde conduction during
sinus rhythm occurs through the AVN or a para-Hisian
accessory pathway. The His bundle is a deeply insulated
structure, and it is difficult to capture it at usual energy
outputs. Using a high-output pacing (usually 20 mA at
2 ms), it is possible to directly capture the deeply situ-
ated His bundle, which is confirmed by a narrower QRS
complex on the paced electrograms.® Thus, high-output
pacing can be utilized to map the His-bundle area in a
difficult-to-ablate AV].

An alternative approach for AVJA is RFA from the left
ventricular side through a retrograde transaortic route.’”
However, this approach carries an increased risk of arte-
rial injury and stroke.

Using a simple maneuver of high-output His-bundle pac-
ing could potentially be very helpful to successfully map
and localize the His bundle. This has been substantiated
by an earlier report on difficult AVN ablation using the
high-output His-bundle pacing and allowing for success-
ful ablation, even though other strategies like using long
sheaths and changing to an irrigated ablation catheter
were unsuccessful.’® Our case series corroborates these

findings (group 1). Further, our case series demonstrates
that failure to capture His using high-pacing outputs
(20 mA at 2 ms) makes it likely that it is situated deep in
the septum and may predict the need for ablation from
the left side (group 2). The anatomic plausibility of this
conclusion may be due to the fact that, if the electric cur-
rent cannot penetrate and capture the His bundle, it is
unlikely that radiofrequency energy will.

In other words, failure of high-output His pacing to cap-
ture the His may indicate that the His is deeply situated
and may not be amenable to ablation from the right side.
However, this presumption needs to be proved in a pro-
spective randomized study.

In the current report, we were able to achieve suc-
cessful AVJA only after localizing the His bundle with
high-output His pacing (group 1). One may argue that
His-bundle pacing should have been performed prior
to any ablation being attempted and the creation of
tissue edema after the failed ablations could interfere
with His-bundle capture. This was taken into account
in group 3, and we performed His pacing upfront before
attempting ablation. Patients who had His-bundle cap-
ture underwent successful ablation without any diffi-
culty, and the 1 patient in whom the His bundle could
not be captured after multiple attempts at ablation from
the right side failed. AVJA was performed from the left
side subsequently.

One must keep in mind that, in the AV], the ablation
target is not the His bundle but the compact AVN. In
fact, some studies have stressed the fact that, compared
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to the AVJA, atrio-nodal input ablation (with a sta-
ble escape rhythm, which is closer to normal and also
responds to exercise) was associated with a lower mor-
tality rate on long-term follow-up.*” The His bundle is
a surrogate of AVN and alternative approaches should
be employed in only difficult-to-ablate cases. Upfront
His pacing as a routine to localize the His bundle and
replace the standard approach does not seem to be a
prudent approach.

Limitations

There are certain limitations in this case series. This study
included only a small group of patients; thus, it was
not possible to discern the true incidence/prevalence of
patients with a difficult-to-ablate AV]. Despite this limi-
tation, we believe that failure to capture the His bundle
using high-output pacing could be an indicator of unsuc-
cessful or difficult AVJA from the right side; however, a
large, randomized study in the future may help to prove
these assumptions. We also believe that using this maneu-
ver early on during the procedure may help to avoid the
potential complication of continued unsuccessful abla-
tion from the right side and help physicians to make an
earlier decision to perform ablation from the left side. The
use of this maneuver has the potential to shorten the abla-
tion, fluoroscopy, and total procedure times. Also, in this
study, we used an 8-mm catheter only. One may argue
that a 4-mm catheter would have had a better resolution
in identifying the His signal. However, from our previous
experience, in which we used a 3.5-mm irrigated-tip cath-
eter that failed to localize a His signal, we could perform
His pacing and avoid changing the catheter after failed
AVJAs.* We also used a 3D mapping system in each case,
and we want to make it clear that it is not a requirement
for standard AVJA.

Conclusion

High-output His pacing may help to achieve ablation
success when the standard right-sided approach fails.
Further, it may predict difficult or unsuccessful AVJA
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from the right side and indicate the need for a left-sided
approach for successful ablation.
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