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Introduction
Atrioventricular (AV) node (AVN) ablation combined with 

pacemaker implantation is a well-established, effective treatment 
strategy usually offered to patients with symptomatic AF with rapid 
ventricular response (RVR) refractory to medical therapy. Patients in 
this category are considered nonresponsive to (or cannot tolerate) AVN 
blocking agents, are of an advanced age or present with significant 
comorbidities, and are not considered candidates for invasive curative 
procedures such as catheter or surgical ablative therapies.1 It has been 

previously shown to help improve patients’ quality of life. Moreover, 
a recent trial has shown that in selected patients, AVN ablation and 
cardiac resynchronization for patients with permanent atrial fibrillation 
is associated with mortality benefit.2.3,4

Traditionally, AVN ablation is accomplished percutaneously via 
the femoral vein approach which requires addition need for sterile 
preparation of a separate anatomical area, complications associated 
with femoral vein access and need for extended post procedure bed rest. 
More recently the alternative method of ablating the AV node through 
the superior approach has been shown to facilitate the performance 
of these two procedures in a more efficient manner.5 However, it is 
unclear whether such an approach can be safely and efficiently applied 
to patients with CRT implant through left bundle branch area (LBBA) 
pacing since the left ventricular (LV) pacing lead will be closer to the 
AV node region. 
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Abstract
Background: In this study, we sought to evaluate whether concomitant AV node ablation through the same venous access can be safely 

performed during cardiac resynchronization therapy (CRT) device implant using the left bundle branch area (LBBA) pacing technique and 
compared the acute procedural outcomes to those using the conventional approach. 

Methods: Ten consecutive patients with systolic heart failure and atrial fibrillation (AF) with uncontrolled ventricular rates underwent CRT 
through LBBA pacing. AV node ablation was performed through the left axillary vein after implantation of the RV lead, before LBBA pacing 
lead implant. The LBBA pacing lead was subsequently implanted and connected to the new CRT device. The acute outcomes were compared 
to the last 10 conventional CRT procedures followed by AV node ablation through the femoral vein. 

Results: LBBA pacing and AV node ablation through the left axillary vein was successful in all patients. The total procedure time was 
124+/-17min in the conventional group and 81+/-24 min in the study group (p<0.01). The  QRS duration was shorter (114+/-10ms vs 134+/-
12ms, p<0.01) and the left ventricular pacing threshold was lower in the LBBA pacing group (0.64±0.26 vs 1.9±1.3 v, p=0.02). No major 
complications were noticed in either group. 

Conclusion: Concomitant AV node ablation through the left axillary approach during CRT implantation using LBBA pacing is safe, feasible 
and resulted in a shorter QRS duration, reduced LV pacing threshold and marked reduction in the total procedure time compared to the 
conventional approach of CS pacing with AV node ablation through the femoral vein. 
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Methods
Study group

Ten consecutive patients who presented to the Ascension Borgess 
Hospital EP laboratory for concomitant CRT and AV node ablation 
due to persistent atrial fibrillation with heart failure symptoms, LV 
dysfunction and rapid ventricular response refractory to AV nodal 
blocking agents were enrolled in this study (Table 1).  In this group, 
CRT was achieved through LBBA pacing and AV node ablation 
was attempted through a superior approach from the same venous 
access. For the control group, we evaluated the 10 consecutive patients 
who underwent traditional CRT through coronary sinus pacing and 
subsequent AVN ablation through the right femoral approach, prior 
to adopting the superior approach. The study was reviewed by the 
Institutional Committee on Human Research at the Borgess Medical 
Center and was granted exempt status. 

The patients in the study group were brought to the EP laboratory 
and underwent standard left precordial preparation and draping.  
The venous access was obtained by left axillary vein puncture guided 
by fluoroscopy.  The right ventricular lead was first implanted using 
standard technique in the right ventricular apex under fluoroscopy 
guidance.  After confirmation of adequate pacing and sensing 
parameters, the lead was then secured to the underlying tissue and 
connected to the CRT device (bi-ventricular pacemaker or bi-
ventricular ICD). 

A deflectable EP mapping/ablation catheter was inserted to map 
the His bundle signal and the His position was then recorded by cine 
imaging to facilitate AV node ablation and subsequent implantation 
of the LBBA pacing lead.  At this time, the CRT device was then 
programmed to VVI with a lower rate of 40 for backup pacing and the 
ablation catheter was inserted to ablate the AV node. A standard CS 
delivery sheath was used to facilitate catheter reach and to maintain 
stability, and a deflectable sheath would be used if ablation remained 
challenging with the standard CS delivery sheath.  After achieving 
adequate, stable contact with the compact AV node, ablation was then 
initiated, typically at 50W with a temperature upper limit of 65 degrees 
Celsius. After confirmation of complete heart block, the pacing rate 
typically will be changed to VVI 70 for the rest of the procedure.  

The LBBA pacing lead implantation was then performed using the 
same technique as previously reported.6 Briefly,a C315His delivery 
sheath (Medtronic, Minneapolis, MN) was advanced into the RV 
over a standard J-wire. The 3830 lead ((Medtronic, Minneapolis, MN) 
was then advanced through the delivery sheath to the right ventricular 
septum about 1cm distal to the His bundle region. Once the lead was 
pointed perpendicular to the septum, manual rotations were applied 
with forward pressure. Pacing from the 3830 lead was then performed in 
a unipolar fashion after every 1-2 rotations until the paced morphology 
demonstrated a narrow RBBB morphology indicating capture of the 
LBBA. After confirmation of adequate pacing and sensing parameters, 
the lead was then secured to the suture sleeve which was then secured 
to the underlying tissue with a non-absorbable suture. The lead was 
then connected to the LV port of theCRT device. The LBBA pacing 
was set 80ms ahead of the RV apex pacing.

In selected patients, an optional RA lead was placed if it was deemed, 
at the time of the procedure, that the patient mightconvert to and 
maintain sinus rhythm in the future. The RA lead was connected to 
the RA port of the CRT device, which would otherwise be plugged 
by a pin plug if no RA lead was implanted.An example of chest x-ray 
and chest CT of a patient who underwent CRT implant with LBBA 
pacing was shown in figure 1. ECGs before and after AV node ablation 
in the same patient were shown in figure 2. 

Figure 1:

An example of CRT pacemaker implant through LBBA pacing. 
1A: chest x-ray showing the position of the right atrial, right 
ventricular and LBBA pacing leads. Position of the LBBA pacing 
lead was marked by the yellow arrow. 1B: A chest CT post-
procedure demonstrated the deep septal location of the LBBA 
lead, right beneath the left ventricular endocardium. 

Table 1: Baseline Characteristics of the study and control groups.
NS: Non-Significant
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Control group
The 10 patients in the control group underwent similar preparation 

except conventional coronary sinus lead implantation was performed 
for LV pacing (Table 1). After completion of CRT implant, patients’ 
right femoral sites were prepared, and patients were re-draped in a 
sterile fashion. AV node ablation was then performed using standard 
technique under fluoroscopy guidance. An example of chest x-ray and 
chest CT of a patient who underwent CRT pacemaker implant with 
coronary sinus pacing was shown in figure 3. ECGs before and after 
AV node ablation in the same patient were shown in figure 4.

Patients who were anticoagulated with warfarin had their 
international normalized ratio (INR) targeted around 2.0. For those 
taking direct oral anticoagulants (DOACs), one dose of rivaroxaban or 
two doses of dabigatran or apixaban were hold before the procedure. 
For high-risk patients such as those with a prior history of stroke, high 
CHA2DS2-VASc (3 or greater), or mechanical valve, uninterrupted 
anticoagulation was recommended if they were on warfarin (target 
INR 2–3), or only the morning dose on the procedure day was held if 
DOACs were used.

The total procedure time was defined as the time from Lidocaine 
injection to the time when patient was undraped at the completion of 
the procedure. The student’s t-test was used to analyze the statistical 
difference in different parameters between the study and control groups. 
A P-value of 0.05 or less was defined as statistically significant. All data 
were expressed as mean ± standard deviation. 

Results
CRT with LBBA pacing and AVN ablation through the left axillary 

vein was successfully performed for all the 10 patients in the study 
group. No significant difference was identified between the study and 
control groups in baseline characteristics (Table 1). 

 Compared to the conventional approach, there was marked 

shortening of the total procedure time, from 124+/-17min to 81+/-24 
min (p<0.01), in the new method group. 

The total fluoroscope time was 11.6±5 min in the LBBA group vs 
19.1±8min in the CS group (p=0.05). LBBA resulted in a significantly 
shorter QRS duration (114±10ms vs 134±12ms, p<0.01). The left 
ventricular pacing threshold was also significantly lower in the LBBA 
group versus the CS group (0.64±0.26 versus 1.9±1.3 volt, measured 
at an average of 0.5ms pulse width, p=0.02). 

No significant complications such as clinically significant bleeding, 
hematoma requiring additional procedures, acute or late lead 
dislodgement, cardiac effusion/tamponade, pocket infection, stroke or 
pneumothorax, occurred in any of the study participants. Patients in the 
new method group had no restrictions on lower extremity movement 
post procedure and were able to resume sitting up position as soon 
as they recover from anesthesia.  All 10 patients in the study group 
undergoing AVN ablation from a superior approach were ultimately 
discharged complication-free and without (right- or leftventricular) 
lead dislodgement.

Discussion
LBBA pacing has recently emerged as a promising alternative of 

conduction systempacing, not only for patients needing CRTbut 
also for those with conventional pacing indications.1,7,8 Compared to 
conventional CRT with CS pacing and other modalities of conduction 
system pacing such as His bundle pacing, LBBA pacing has the 
potential advantages of stable lead position, better pacing threshold 
and sensing.9 These characteristics are especially important for patients 
who are dependent on long-term pacing, such as those undergoing 
AVN ablation.10

AVN ablation using the axillary vein has been recently studied 
and appears to have multiple inherent advantages compared to the 
conventional right femoral approach.5 This approach is even more 
relevant in cases involving LBBA pacing because the His bundle region 
is typically already mapped prior to LBBA lead implant and the venous 
access for AVN ablation is also already established.  The only additional 
step required is insertion of an ablation catheter (frequently over a 

Figure 2:
An example of 12-lead ECG before (2A) and after (2B) 
CRT pacemaker implant through LBBA pacing with AV 
node ablation. 

Figure 3:
An example of post-procedure chest x-ray demonstrating 
a conventional CRT pacemaker implant through coronary 
sinus pacing
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Conclusion
In conclusion, our study suggests that it is safe and feasible to perform 

LBBA pacing combined with AVN ablation through the axillary vein 
access in patients with AF who require CRT and AVN ablation. 
Additional benefits observed include post-procedural patient comfort, 
reduced LV pacing threshold and reduction of the total procedure time. 

Limitations
One of the important limitations of the study is that there are 

multiple variables present in each group, making mechanistic 
comparison difficult. The other limitation is the relatively small sample 
size. Further long-term follow-up and larger scale studies are required 
to further confirm these early findings.
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