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Abstract
Objectives: To assess inter-ventricular synchrony with fusion beats pacing in the context of a patient with Right Bundle Branch Block (RBBB).

Methods: Case report of a patient with mild LV systolic dysfunction and RBBB with intermittent complete heart block requiring permanent pacemaker implantation. 
The RV pacing lead was placed in the lower septum thus achieving fusion beats pacing with narrow QRS complex duration. Inter-ventricular and atrio-ventricular 
synchrony studies were used to assess and optimise fusion beats pacing.

Results: Inter-ventricular synchrony was achieved with fusion beats pacing with identical left ventricular and right ventricular pre-ejection times and no evidence of 
inter-ventricular mechanical delay. Atrio-ventricular synchrony was also achieved with optimised sensed and paced AV delays. There was corresponding improvement 
in both LV systolic function and heart failure symptoms.

Conclusion: This case report demonstrated the potential benefit of fusion beats pacing. Even though further studies are still warranted, fusion beats pacing might 
prove to be an alternative to CRT implantation in patients with RBBB
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Introduction
In this case report, we describe an alternative method of achieving 

inter-ventricular synchrony in an 83 years old female who presented 
on October 21, 2018 with shortness of breath and syncope. She has 
a background of ischaemic heart disease and Parkinson’s disease. 
A coronary angiogram in 2011 showed a mild plaque disease only. 
On examination, she was haemodynamically stable with a heart rate 
of 65 bpm and BP135/84 mmHg. The rest of her examination was 
unremarkable. The ECG showed sinus rhythm with Right Bundle 
Brunch Block (RBBB) and QRS duration of 157 ms (Figure 1) and the 
chest X-ray showed clear lung fields. The echocardiogram showed mild 
LV systolic dysfunction with dyssynchronous septal motion and no 
significant valve disease. 

Case
The patient was monitored overnight on telemetry which revealed 

multiple episodes of non-conducted P-waves with pauses up to 15 
seconds indicating an intermittent complete heart block. A permanent 
pacemaker (Vitatron Q70 DR MRI DDD(R)) was therefore implanted 
via the axillary approach. The right ventricular lead was actively fixed 
to lower septum (R wave amplitude of 5.8 mv, impedance of 860 ohms 
and threshold of 1v at 0.5 ms), and the atrial lead was actively fixed 
into the right atrial appendage (P wave amplitude of 4.4 ms, impedance 
of 572 ohms and threshold of 1.25 v at 0.4 ms). The pacemaker was 
programmed DDD with base rate of 60 bpm, sensed AV delay of 160 
ms and paced AV delay of 180 ms and upper sensor/tracking rate of 
130 bpm. However, it was noted that the paced rhythm had a narrow 
QRS complex with duration of 110-115 ms. Telemetry and 12 leads 
ECG confirmed narrow QRS complexes in keeping with fusion beats 
(Figures 2 and 3).

Discussion
Right ventricular pacing has been traditionally achieved through 

the placement of active or passive leads in the Right Ventricular 
(RV) apex due to the less challenging aspect of the procedure and 
the perceived benefit of stability and reduced risk of displacement 
[1]. This approach results in dyssynchronous ventricular contraction 
and subsequent iatrogenic Left Bundle Brunch Block (LBBB) (Figure 
4) which is associated with worse outcomes in the long term [2]. The 
outcomes are worse in patients with impaired LV systolic function and 
high pacing burden due to the inter-ventricular dyssynchrony that 
results in reduced cardiac output and adverse remodelling [3]. 

Multiple approaches have been recommended to avoid the 
detrimental effect of RV apical pacing, including reduced RV pacing 
burden and adopting alternative pacing strategies that results in 
narrow QRS complex and more physiological ventricular contraction 
[3]. Cardiac Resynchronisation Therapy (CRT), His Bundle pacing and 
septal pacing are the main alternative strategies used. Both CRT and 
His Bundle pacing are challenging and require expertise and fulfilment 
of guideline-based criteria [4,5]. On the other hand, septal pacing is less 
technically challenging and can result in more physiologically pacing 
being closer to the conduction system and can result in narrow QRS 
complex, which is a surrogate marker of inter-ventricular synchrony [3,6].  
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Figure 1. Intrinsic Rhythm (RBBB)

Figure 2.  Fusion Beats pacing: First 2 beats are intrinsic rhythm followed by 3 beats of predominantly RV pacing. Subsequent rhythm is fusion beats.

Moreover, the use of CRT in patients with RBBB and LV systolic 
dysfunction has been controversial, with multiple studies showing less 
benefit from CRTs especially if the QRS duration is less than 150 ms 

[7,8].  As a result, the European Heart Rhythm Association (EHRA) 
indicated that a CRT can only be used in RBBB if the QRS duration 
was > 150 ms (Class IIa) with a lower recommendation class for QRS 
duration 120-150 ms (class IIb) [9]. In this case where the patient 
had RBBB, we were able to achieve narrow QRS complexes on RV 
lower septal pacing (Figure 5), and therefore achieve inter-ventricular 
synchrony. This was mainly due to the resulting fusion beats.

Fusion beats are the result of multiple electrical impulses originating 
from different parts of the heart and acting on same region of the heart 
at the same time [10,11]. In this case, the patient’s native electrical 
conduction coincided with the pacing impulse leading to ventricular 
activation [11]. As the patient had underlying RBBB, activation at 
lower septum lead to retrograde activation of the His-BBB pathway 
and fusion with anterograde activation from the native impulses. The 

results are narrow QRS complexes and absence of either RBBB (native 
conduction) or LBBB (RV pacing), which indicate synchronous LV 
and RV contractions [12]. Therefore, cardiac output can be improved 
by the prevention of the detrimental effect of both chronic RV pacing 
and loss of synchronous contraction with native RBBB pattern [12,13].

One way to maintain this fusion beat pacing is by optimising paced 
and sensed AV delay in order to achieve narrow QRS complex fusion 
beats. We achieved this using the same CRT optimisation method by 
adjusting paced and sensed AV delay and monitoring QRS duration on 
12 leads ECG. We also used echocardiographic confirmation to assess 
for presence or absence of inter-ventricular dyssynchrony.

The dyssynchony study was used to assess inter-ventricular 
dyssyncrony (delay between RV and LV activation) using assessment of 
LV and RV pre-ejection times and inter-ventricular mechanical delay 
[14,15]. This relays on obtaining a pulse wave flow velocity at LVOT 
level (apical five chamber view) and RVOT level (parasternal short axis 
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Figure 3. 12 leads ECG showing Fusion Beats QRS morphology

Figure 4.  Predominantly RV pacing



Fersia O (2019) Fusion beats pacing: Another method of achieving inter-ventricular synchrony

 Volume 2: 4-6J Cardio Case Rep , 2019                doi: 10.15761/JCCR.1000127

Figure 5. Apical Four chamber echocardiographic view showing position of RV active 
fixation lead in lower septum.

Figure 6.  LV-PEP measurement in intrinsic Rhythm (RBBB) (PW Doppler in LVOT)

Figure 7. RV-PEP measurement in intrinsic Rhythm (RBBB) (PW Doppler in RVOT)

Figure 8. LV-PEP in predominantly RV pacing (LBBB) (PW Doppler in LVOT)

view) and measuring the time difference between the onset of electrical 
activation (onset of QRS complex) and onset of aortic flow (LV Pre-
Ejection Period: LV-PEP) and pulmonary flow (RV Pre-Ejection 
Period: RV-PEP). Inter-Ventricular Mechanical Delay (IVMD) is 
calculated as the difference in time between LV-PEP and RV-PEP. 
IVMD of > 40 ms is considered a sensitive marker of inter-ventricular 
dyssynchrony [15]. We therefore applied these echocardiographic 
criteria during all three stages of rhythm assessment: intrinsic rhythm, 
predominantly RV pacing and fusion beats pacing. 

During intrinsic rhythm assessment, we programmed the 
pacemaker to VVI back up pacing at 30 bpm resulting in unmasking of 
patients underlying intrinsic rhythm with RBBB morphology (Figure 
1). On transthoracic echocardiography, there was paradoxical septal 
motion with LV contraction proceeding RV contraction and overall 
mild LV systolic dysfunction. LV-PEP was 101 ms and RV-PEP was 166 
ms (Figures 6 and 7). The IVMD was calculated at 65 ms confirming 
inter-ventricular dyssynchrony.

During the second stage (predominantly RV pacing), the 
pacemaker was programmed to DDD mode with shortened AV delay 
to achieve RV paced rhythm. The result was AS-VP pacing pattern with 
LBBB morphology and QRS duration of 155 ms (Figure 4). Similarly, 
transthoracic echocardiography showed marked paradoxical septal 
motion and overall mild LV systolic dysfunction. LV-PEP measured 
180 ms and RV-PEP was 119 ms (Figures 8 and 9). The resulting 
IVMD was 61ms in keeping with inter-ventricular dyssynchrony (RV 
contraction proceeding LV contraction).

The final stage was to optimise the pacemaker settings to achieve 
fusion beats while pacing in DDD mode. We achieved this by 
programming the paced AV delay to 180 ms and sensed AV delay to 
160 ms. The result was fusion beats pacing with QRS duration of 110-
115 ms (Figures 2 and 3). Transthoracic echocardiography showed 
improvement of LV systolic function with normal septal motion. The 
LV-PEP and RV-PEP measured at this stage were almost identical with 
LVPEP measuring 159 ms and RVPEP measuring 156 ms (Figures 10 
and 11).  The resulting IVMD was 3 ms confirming synchronous LV 
and RV contractions.

We therefore optimised the pacing settings and we were able 
to achieve fusion beat pacing with ECG and echocardiographic 
confirmations of absence of inter-ventricular dyssynchrony with 

paced AV delay of 180-200 ms and sensed AV delay of 150-170 ms. 
We subsequently assessed the AV delay settings for the presence or 
absence of Atrio-Ventricular (AV) dyssynchrony. This is defined as 
a suboptimal delay between atrial and ventricular contractions which 
impacts negatively on LV filling. It is mainly due to short ventricular 
filling time and superimposed atrial contraction on the passive filling 
stage [15].
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Assessment of AV dyssynchrony is performed using the mitral 
inflow pattern (ventricular filling time). AV dyssynchrony is considered 
to be present if mitral inflow interval is less than 40% of the RR interval, 
which implies that the ventricular filling time is < 40% of the cardiac 
cycle [14,15]. In this case, mitral inflow pattern was measured using 
trans-mitral Doppler wave. Ventricular filling time was calculated as 
the time interval from the onset of E wave to the end of the A wave. The 
ventricular filling time was 512 ms while the cardiac cycle length (RR 

interval) was 907 ms. Therefore, the ventricular filling time was 56% in 
keeping with optimal AV delay settings and confirming the absence of 
AV dyssynchrony (Figure 12). 

The pacemaker settings were optimised accordingly with fusion 
beats pacing and adequate AV delay intervals (paced AV delay of 
180 ms and sensed AV delay of 160 ms). We were therefore able to 
maximise AV contraction and LV filling time, reduce inter-ventricular 
mechanical delay and increase cardiac output. This was confirmed 
by the patient reporting significant improvement in her symptoms 
of dyspnoea and fatigue when assessed one-month post pacemaker 
implantation and programming.

Conclusion
In this case, we discussed a patient with sinus rhythm and RBBB 

who presented with symptomatic intermittent complete heart block. 
Following DDD pacemaker implant with RV lead placed in the lower 
septum, we were able to achieve fusion beats pacing by optimising 
the AV delay. This resulted in narrow QRS complex morphology. 
Subsequent dyssynchrony study confirmed the absence of inter-
ventricular dyssynchrony and overall improvement of LV systolic 
function with fusion beats pacing. This was maintained with optimised 
AV delay programming and there was symptomatic benefit at follow 
up. This case demonstrated the potential benefit of fusion beats 
pacing in patient with RBBB by achieving synchronous biventricular 
contraction and avoiding the deleterious effect of both intrinsic 
RBBB and iatrogenic LBBB. Even though further studies are still 
warranted, fusion beats pacing might prove to be an alternative to CRT 
implantation in patients with RBBB.
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