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What do you regard as the most significant 
development in Electrophysiology in the recent 
past?

In my point of view, the remote monitoring of cardiac 
rhythm and CIEDs, and its integration with wearable 
devices and telehealth applications is a very 
important development, with enormous potential.

Why did you choose to enter medicine and above 
all, prefer to specialize in Electrophysiology?

I had an interest in biology right from school days 
and was keen to pursue medical education. After 
completing my postgraduation in general medicine 
I chose cardiology for further specialization. At that 
time electrophysiology was considered esoteric, 
mostly theoretical branch, perceived primarily as a 
diagnostic modality. 

However, Radio Frequency (RF) Catheter Ablation 
and Implantable Cardioverter Defibrillator (ICD) 
appeared on the scene around the same time, and 
I was very much fascinated by rapid developments 
in this field. I have enjoyed every bit of my three 
decades working in this field. 

Can you talk about an accomplishment that you 
are particularly proud of? 

Contributing to development of EP program at my 
institution which is one of the busiest in country has 
been a cherished accomplishment. Besides I was 
privileged to contribute to Indian Heart Rhythm 
Society (IHRS) since its inception and served in 
various capacities including as the President.

If you could have an alternative career, what 
would it be and why?

May be a teacher, because I love mentoring and 
teaching, and many people in my family are in that 
vocation.

Executive Director of Cardiac Pacing 
& Electrophysiology

GETTING TO KNOW 
APHRS LEADER

Anil Saxena, MBBS, MD, DNB

Fortis Escorts Heart Institute & Research 
Centre, Okhla Road
New Delhi, India
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Who has inspired you the most in your life                 
and why?

Having lost my father early in my life, I grew up 
drawing inspiration from many individuals who 
faced hardships in early life and achieved success by 
diligence and hard work. Keeping the mind free from 
conflicts, cultivating an affable nature, having a long-
term vision, not craving for too many possessions 
have been the mantras I got from my mentors. 

What advice would you give to your younger self?

I don’t have much regrets about myself. 

However, I feel like I could have spent more time 
in activities that rejuvenate the body. So, I would 
like my younger self and all youngsters to get good 
sleep, proper nutrition, and exercise regularly even 
with a grueling schedule that is imperative for a 
career in medicine. 

What are your hobbies and interests outside of 
medicine?

I am a voracious reader, who likes to have some 
knowledge and notion about almost everything 
on earth, including history of various civilizations. 
Travelling and spending time with friends is another 
favorite activity.

What are your thoughts about some of the 
emerging technologies, and the way they will 
shape the future care of arrhythmia patients? 

I think digital phenotyping and increasing integration 
of artificial intelligence in diagnosis of cardiac 
pathology from Electrocardiography (ECG) is a very 
important development and it will become a very 
powerful tool in the future. The neural networks and 
machine learning capability can identify extremely 
subtle patterns in electrograms to diagnose various 
disorders. What is your best life advice, motto or favorite 

quote?

Constantly imagining where one wants to be after 
few years, knowing the steps involved, and taking 
those steps is the most important advice I would like 
to give to youngsters. Besides, developing mental 
concentration by avoiding constant distractions like 
social media etc. are very crucial in pursuit of ones 
chosen goals. Try to do one thing at a time. 
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Mr Graham Orsbourn and Dr Nigel Lever
Auckland City Hospital, New Zealand

TRANSVENOUS DEFIBRILLATION 101 – 
DEFIBRILLATION SCIENCE FOR ASSOCIATED 
HEALTH PROFESSIONALS

Introduction 
Understanding the mechanisms of how to restore 
sinus rhythm from ventricular fibrillation continues 
to intrigue us scientifically and frustrate us 
clinically. Despite decades of research there is still 
no pharmacological or medical process that can 
restore sinus rhythm, except for defibrillation. When 
fibrillation does occur, with the use of a defibrillating 
device, either using an implanted or external device, 
a large current is delivered to the myocardium. This 
generates a flow of current across the thorax. In turn 
this generates an electric field that interacts with the 
cells. The electric field attempts to produce a unified 
cellular response across the heart tissues, neutralising 
the cells. When this occurs the deleterious wavefront 
stops, and sinus rhythm can restart.

Defibrillation Nomenclature
There is a defined nomenclature associated with 
defibrillation and the associated science including 
waveforms. These include:

1. Monophasic and biphasic waveforms
2. Tilt
3. Energy and Voltage
4. Pulse duration and charge burping theory
5. Capacitance
6. Shock polarity

Many readers will be well aware of the concepts 
of the various and different waveforms but not the 
details.  A truncated, exponential waveform can have 
one or more phases associated with the waveform. 

A monophasic waveform has a single phase, positive 
or negative. These waveforms are no longer used in 
implantable devices as monophasic waveforms are 
less effective than biphasic waveforms.

In an effort to miniaturise ICDs for transvenous 
implantation, monophasic waveforms were replaced 
with biphasic waveforms, which were able to 
defibrillate with lower energy and therefore could 
be made smaller.1

A biphasic waveform uses two phases to defibrillate 
the heart. The first phase is the same as the 
monophasic waveform, the second phase is shorter 
in duration and opposite in polarity. This is used to 
discharge the membranes back to zero removing 
any excess charge remaining on the membranes 
generated from the first phase.2 Additional phases 
do not provide any improvement in defibrillation 
success, i.e. tri-phasic or tetra-phasic waveforms.

Tilt is defined as the ratio between the leading edge 
and trailing edge of the shock waveform. This concept 
was an engineering short-cut to accommodate the 
technological limitations of the time. It allowed the 
waveform to be truncated and switched at a specific 
voltage, based on a defined ratio. As a result, pulse 
durations varied – These are also known as fixed tilt.1 

Tilt = Vleading – Vtrailing /  Vleading

Tilt = 100 – 40/100 

Tilt = 60%

Figure 1: Waveform appearance - These are exponentially 
truncated defibrillation waveforms with variable number of phases.
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Energy stored in the capacitors is a function of the 
voltage and the capacitance and can be calculated 
from the following formula. 

Applying a 9 V battery to the heart for 20 seconds 
with an impedance of 40Ω produces substantial 
energy, however, this is delivered over a prolonged 
period of time, which is proarrhythmic.4 

This demonstrates it is not energy alone that 
defibrillates, but the way current is applied to the 
heart. We should deliver a large current quickly to 
the heart to improve the chances of successfully 
defibrillation.

Energy is a term that is used in in the implantable 
device world and is simply a measure of shock 
strength and not how effective the shock is. This 
could be thought of as the dose.3

Capacitance is a measure of charge stored in the 
capacitors and measured in microfarad, μF

Low capacitances = higher voltage and longer 
charge times. High capacitances = Lower voltage 
and shorter charge times.

Energy = V2 x t/R

 = 9 x 9 x 20 / 40

 = 40.5 J

Estd  =  ½ CV2

Estd  = 0.5 x C x Vi
2

       = 0.5 x 140 x 7502 

       = 39.4J

The two most important components of successful 
defibrillation are voltage and duration. Voltage is 
important because its spatial derivative or voltage 
gradient defines the electric field that interacts 
with the heart. Duration is important because this 
determines how long the shock its interacting 
with the heart.3  If the shock duration is too short, 
insufficient current is applied to defibrillate and if too 
long reinitiation of  fibrillation will ensue. Therefore, 
there is a sweet spot in which maximal current can 
delivered. This sweet spot is approximately 4 – 8ms.1

Figure 2: This shows a 60/50 tilt.

Figure 3: Peak current delivery occurs between 4 – 8ms. ICD 
Therapy; The Engineering-Clinical Interface: Kroll, M, Lehmann, M; 
2002; Kluwer Academic Publishers, 4th Edition.

Figure 4: Shows the key parameters associated with each 
manufacturer, including tilt, capacitance, and capacitor type.
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Not all the energy stored in the capacitors can be 
delivered to the patient. Some of the energy is lost 
to heat, semi-conductor resistive attenuation, the 
connectors, the impedance, which varies according 
to many factors, and lastly because the waveforms 
are truncated there will always be energy left over in 
the capacitors that is not delivered, and consequently 
discarded.5 As a result we need to consider what the 
voltage is at the end of the discharge to obtain the 
theoretical amount of energy delivered.3 This has given us an unprecedented safety margin, 

allowing us to account for a wide variation in factors 
that may cause the DFT to rise. These factors could 
include variables related to:

1. Patient – Gender, QRS duration or obesity
2. Device – Polarity, lead location or malfunction
3. Metabolic – Acidosis, hypokalaemia or ischemia
4. Drugs – Class I AAD, Cocaine or antidepressants
5. Procedure – Pneumothorax, connection issue

Patients with so called “high DFT” who undergo 
System Modification (SM), have the same survival rate 
as those who do not undergo system modification. 
SM was defined as adding additional hardware, SQ 
coil or SQ array. Siddiqi et al studied > 6000 patients 
over nearly 20 years and showed 3%  had high DFT.7 

Of the 191 patients with H DFT 121 underwent 
SM with reduced DFT – (8-10 J), survival remained 
unaltered.

Defibrillation factors to be discussed:

1. Virtual electrode re-excitation
2. Marginal stimulation
3. Electroporation

Shock polarity is defined by the assigned polarity of 
the RV shock coil. If the RV coil is positive, we term 
this as anodal and conversely when we assign the RV 
a negative polarity this is cathodal.

Anodal defibrillation demonstrates a high success 
rate compared to cathodal defibrillation in about 
83% of patients.6 We also need to recognise that in 
the remaining 17% of patients a cathodal shock may 
be more advantageous, necessitating algorithms 
within ICD’s that alternate the polarity based upon 
shock failure.

Defibrillation Safety Margin Testing (DSM) or 
Defibrillation Threshold Testing (DFT) is rarely 
performed in routine ICD implantation today. Trial 
data from the last 20 years outlines a mean DFT of 
approximately 12J and modern devices store up to 
47 Joules of energy.7–10

Edel = 0.5 x C x (Vi
2 – Vf

2)

      = 0.5 x 140 x (7502 – 2502)

      = 35J

Figure 5: Cathodal and anodal shock polarity, is defined by the 
designated polarity of the RV coil.

Figure 6: Safety margins in modern devices exceed 20J even with 
those with high DFT (>25J).

Virtual electrode re-excitation
The term virtual electrode was first used by Dr 
Seymour Furman in his 1975 paper named Clinical 
thresholds of endocardial cardiac stimulation:                 
a long-term study. This essentially described the 
observation that stimulation of the myocardium 
could occur remote from the chronically implanted 
pacing electrode.11 

The virtual electrode is a theoretical electrode 
within the heart derived from the polarised tissue 
around an actual electrode. These theories suggests 
that the “virtual electrode” is larger than the 
actual electrode within the heart. The areas around 
the virtual electrode are surrounded by zones of 
polarised tissue exhibiting anisotropy related to 
these polarised areas and fibre orientation.
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Marginal stimulation
As with any force, i.e., charge, current or energy it 
diminishes over time and distance. A shock force 
of approximately 5 V/cm is required to effectively 
defibrillate the heart, this may be reduced to  2 V/
cm or less at the distant margins of the heart.12 The 
tissues, cell membranes and electrical behaviour 
within the heart are not homogeneous. Therefore, 
that the response from the tissues to defibrillation is 
not homogeneous either. When we defibrillate the 
heart we generate a range of cellular responses, from 
completely stimulated or to marginally stimulated or 
to not stimulated at all. These marginally stimulated 
cells can be in areas of scar or groups of cells distal 
from the shock electrode. These cells may give a 
delayed or desynchronising action potential.6 In any 
event, they can re-initiate the VF. It is the role of the 
second phase of a biphasic waveform to remove the 
residual charge that persists in marginally stimulated 
cells. This is one part of the mechanism for preventing 
VF re-initiation.1,2,3

Electroporation
Electroporation is a biophysical phenomenon 
in which cellular membranes exhibit increased 
permeability to ions and macromolecules when 
exposed to external electric fields.

The process of reversible electroporation has been 
successfully used in cancer treatment by introducing 
chemotherapeutic drugs into electroporated 
cells. (Known as Electrochemotherapy (ECT) and 
Electrogene Therapy (EGT) where specific genes are 
introduced into the cell.  Additionally, we can use the 
process of irreversible electroporation as a means 
for slicing and dicing cancerous tissues through HF 
ablative techniques.13,14

How does it apply to defibrillation? Reversible 
electroporation causes a transient increase in 
membrane permeability, this can cause an influx of 
ions into the cell that making the cell more excitable 
and the likelihood of re-fibrillation easier.

The second phase of the biphasic shock of an 
opposite and lower voltage is thought to heal 
or restore membrane conduction this concept is 
supported by the charge-burping theory.15

During defibrillation this effect can have negative 
implications, as key membrane channels remain open, 
and ions can move in and out of cells indiscriminately. 
This contributes to charge accumulation in areas of 
the heart, that then become pro-arrhythmic. The 
role of the second phase of a biphasic waveform is 
to “heal” or “seal” and restore these membranes to 
their normal behaviour. 

To improve the chances of successful defibrillation 
we need to deliver either more energy to the heart, 
although it is unclear whether simply giving larger 
shocks improves the ability to capture distant cells, 
as other factors come into play, such as increased 
electroporation and myocardial depression; or we 
need to deliver current in a more efficient manner.

To deliver energy or current more efficiently we need 
to consider the membrane time constant (Tau). This 
is defined as the time for a biological effect to reach 
a threshold. In our case, it is the point at which ion 
channels are inactivated during defibrillation. This 
time constant in human cells is thought to be around 
3 – 5ms.2 Theoretically, the ideal shock duration of 
the first phase should be close to or equal to this 
value and the second phase less than this value.

When a shock is delivered, the surrounding tissue 
around the electrode develops a transmembrane 
potential around the electrode itself – If we have 
a cathodal electrode, then the surrounding tissues 
assumes a negative potential. This spreads out 
toward the anode (the can) expanding outward from 
the virtual electrode – hence the term expanding 
wavefronts. This means there is polarised charge 
(transmembrane charges opposite to the electrode) 
spreading out as the shock spreads from the 
electrode, this residual charge spreads out behind 
the shock wavefront, potentially re-initiating 
arrhythmia.

When the electrode is positive i.e., anodal, the 
virtual electrode size is smaller, and the charge 
moves toward the positive charged anode – creating 
collapsing wavefronts. As the shock wavefront 
spreads away from the electrode, the polarised 
charge from the wavefront, would spread toward 
the anode, the RV coil, this serves to collapse the 
potential arrhythmia generating charge. In effect 
neutralising it.
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Different ICD manufacturers use different 
engineering and design principles for shock voltage, 
capacitance, duration, and energy. However, no 
clinical study compares defibrillation efficacy of 
modern ICD waveforms.

True waveform modification is the domain of only 
one manufacturer and almost all data reflects the 
position of this company.  As a result comparing this 
data to conventional fixed tilt data is problematic.

In an optimal shock the red line in the image 
represents the shock waveform, whilst the green 
line represents the membrane potential during 
the shock. The membrane is charged as the shock 
is delivered and discharged back to zero over the 
duration of the second phase. 

Most waveforms are voltage controlled and deliver a 
set voltage to the heart independent of time. These 
“fixed tilt” waveforms can vary their duration until 
the specific voltage is delivered Figure 7. This can 
mean that the more energy is delivered to the heart 
than is required, and therefore wasted. Additionally, 
this late delivery of energy, may occur into vulnerable 
tissue, increasing the risk of re-initiating ventricular 
arrhythmia.

The simplest form of waveform optimisation, Figure 
9 is to shorten the second phase to a specific value, 
typically 2ms.16,17 Timing the end of the second 
phase to the neutralisation of the membrane time 
constant.

Figure 7: Optimal shock waveform and membrane response. 

Figure 8: Waveform duration longer the membrane time constant.

Figure 9: Shortened 2nd phase optimised to membrane                     
time constant.



1 Mark W. Kroll, PhD, Michael H. Lehmann, M. IMPLANTABLE 
CARDIOVERTER DEFIBRILLATOR THERAPY: THE ENGINEERING 
- CLINICAL INTERFACE. (Springer Science+Business Media New 
York, 1996).
2 Kroll, M. W. & Swerdlow, C. D. Optimizing defibrillation waveforms 
for ICDs. J. Interv. Card. Electrophysiol. 18, 247–263 (2007).
3 Igor R. Efimov, PhD, Mark W. Kroll, PhD, Patrick J. Tchou, M. 
Cardiac Bioelectric Therapy, Mechanisms and Practical Implications. 
(Springer Science+Business Media, LLC, 2009).
4 Sharma, A. D. et al. Shock on T Versus Direct Current Voltage 
for Induction of Ventricular Fibrillation : A Randomized Prospective 
Comparison. Pace 27, 89–94 (2004).
5 Untereker, D. F., Crespi, A. M., Rorvick, A., Schmidt, C. L. & 
Skarstad, P. M. Power systems for implantable pacemakers, 
cardioverters, and defibrillators. in Clinical Cardiac Pacing, 
Defibrillation, and Resynchronization Therapy 175–190 (Elsevier 
Inc., 2011). doi:10.1016/B978-1-4377-1616-0.00006-0.
6 Kroll, M. W., Efimov, I. R. & Tchou, P. J. Present understanding 
of shock polarity for internal defibrillation: The obvious and non-
obvious clinical implications. PACE - Pacing Clin. Electrophysiol. 
29, 885–891 (2006).
7 Siddiqi, N., Tchou, P., Niebauer, M. J., Wilkoff, B. L. & Varma, N. 
Influence of “high” defibrillation thresholds on patient survival and 
impact of system modification. J. Cardiovasc. Electrophysiol. 33, 
234–240 (2022).
8 Varma, N. et al. Defibrillation thresholds with right pectoral 
implantable cardioverter defibrillators and impact of waveform 
tuning (the Tilt and Tune trial). Europace 19, 1810–1817 (2017).
9 Gold, M. R., Val-Mejias, J., Cuoco, F. & Siddiqui, M. Comparison 
of fixed tilt and tuned defibrillation waveforms: The PROMISE 
study. J. Cardiovasc. Electrophysiol. 24, 323–327 (2013).
10 Gold, M. R., Foster, A. H. & Shorofsky, S. R. Lead system 
optimization for transvenous defibrillation. Am. J. Cardiol. 80, 
1163–1167 (1997).
11 Efimov, I. R. & Ripplinger, C. M. Virtual electrode hypothesis of 
defibrillation. Hear. Rhythm 3, 1100–1102 (2006).
12 Mowrey, K. A., Cheng, Y., Tchou, P. J. & Efimov, I. R. Kinetics of 
defibrillation shock-induced response: Design implications for the 
optimal defibrillation waveform. Europace 4, 27–39 (2002).
13 Aycock, K. N. & Davalos, R. V. Irreversible Electroporation: 
Background, Theory, and Review of Recent Developments in 
Clinical Oncology. Bioelectricity 1, 214–234 (2019).
14 Ringel-Scaia, V. M. et al. High-frequency irreversible 
electroporation is an effective tumor ablation strategy that induces 
immunologic cell death and promotes systemic anti-tumor 
immunity. EBioMedicine 44, 112–125 (2019).
15 Swerdlow, C. D., Fan, W. & Brewer, J. E. Charge-burping theory 
correctly predicts optimal ratios of phase duration for biphasic 
defibrillation waveforms. Circulation 94, 2278–84 (1996).
16 Merkely, B. et al. Shortening the second phase duration of 
biphasic shocks: Effects of class III antiarrhythmic drugs on 
defibrillation efficacy in humans. J. Cardiovasc. Electrophysiol. 12, 
824–827 (2001).
17 Shorofsky, S. R. & Gold, M. R. Effect of second-phase duration on 
the strength-duration relation for human transvenous defibrillation. 
Circulation 102, 2239–2242 (2000).
18 Denman, R. A. et al. Benefit of millisecond waveform durations 
for patients with high defibrillation thresholds. Hear. Rhythm 3, 
536–541 (2006).
19 Tchou, P. J. Fixed tilt or programmable pulse widths: Are we 
creatures of habit? Hear. Rhythm 3, 542–543 (2006).
20 Swerdlow, C. D., Russo, A. M. & Degroot, P. J. The dilemma of 
ICD implant testing. PACE - Pacing and Clinical Electrophysiology 
vol. 30 675–700 (2007).

Waveform modification trials are often small, highly 
selective and with significant bias and design flaws. 
However, there does appear to be a reasonable 
consensus the high DFT’s may be reduced by 
reprogramming waveform duration. The relative 
contributions of improved defibrillation efficacy and 
regression to the mean have not been elucidated. 
The data suggest a 2 – 6 J reduction in DFT in those 
patients with a high DFT to begin with.18–20 The 
most recent RCT, The Promise trial, of waveform 
modification vs conventional fixed tilt showed no 
difference between so called, “tuned” waveforms 
with a Tau of 3.5ms vs 50/50 tilt. All patients were 
implanted with left sided device and a single coil 
lead. When high DFT patients had an alternative 
waveform applied, the subsequent DFT always 
dropped suggesting regression to the mean rather 
than true clinical effect of programming changes.9

Summary
Standardising the language, we use to describe 
defibrillation is important to avoid misunderstanding 
about terminology.

Whilst there are programming options in some 
manufacturer devices, this does not apply to all. 

Polarity programming is available in all ICD’s and an 
anodal shock polarity should be programmed as a 
matter of course, with the ability to programming 
alternating polarities, to provide the highest 
probability of shock success.

Ultra-high energy output devices are employed by 
all manufacturers, this does not translate into high 
voltage devices and efficient methods of shock 
delivery should be explored to optimise shock 
delivery.

Understanding the principles discussed here will 
hopefully make it easier to interpret information 
from the technical and field support from Industry 
and to explain matters to your patients and clinical 
colleagues.  When defibrillation does not work first 
time – think again about these principles and how 
you might manage the programming.
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EPICARDIAL SIDE OF THE LEFT ATRIUM

The myocardial thickness of the atrium is thinner 
than that of the ventricular myocardium. The lesion 
depth reached by radiofrequency catheter ablation 
is about 5mm. So, creating a transmural lesion in 
healthy ventricular myocardium with radiofrequency 
catheter ablation is quite difficult. However, that for 
the atrial myocardium is assumed to be possible and 
making a complete block line in the atrium is one of 
the treatment strategies for atrial tachyarrhythmias 
such as common atrial flutter. Further, creating a 
conduction block at the cavotricuspid isthmus is 
considered to be easy for curing atrial flutter. On the 
other hand, to create conduction block at the lateral 
mitral isthmus in the left atrium is sometimes hard 
to complete. For the cavotricuspid isthmus ablation, 
catheter manipulation is not difficult because the 
direction of the block line is the same as that of 
the ablation catheter. So basically, we just move 
the catheter back and forth for the cavotricuspid 
isthmus ablation. For the lateral mitral isthmus, the 
direction of the catheter and assumed block line are 
perpendicular, so the catheter manipulation required 
to make a continuous line is not easy. However, that 
alone cannot explain the difference in the difficulty.

Considering the anatomy, the ridge anterior to the 
left pulmonary vein and vestibule close to the mitral 
annulus have thick myocardium at the lateral mitral 
isthmus. Further, the Marshall vein and great cardiac 
vein run along the epicardial side of the ridge and 
vestibule, respectively (European Heart Journal, 
2008; 29: 356–362). The Marshall vein is the remnant 
of the left superior vena cava and is known to have 
a surrounding muscular bundle, the Marshall bundle. 
The Marshall bundle is assumed to be insulated from 
the left atrium but has electrical connections to the 
left atrial myocardium, coronary sinus musculature, 
and pulmonary veins, some of which are dense and 
other are sparse (J Cardiovasc Electrophysiol, 2006; 
17: 594-599). 

The Marshall bundle can be an epicardial bridge 
connecting remote tissue through the electrical 
connections between the Marshall bundle and left 
atrium.

Figure 1 shows an example. After creating 
conduction block at the lateral mitral isthmus, an 
atrial tachycardia was induced that originated and 
spread centrifugally from the left atrium anteriorly 
to the top of the left superior pulmonary vein, and 
the activation wave fronts collided at the mitral 
annulus as shown in the 3-dimensional map. This 
tachycardia looks like a focal atrial tachycardia, but 
actually, it is a macro-reentrant atrial tachycardia 
utilizing the Marshall bundle as a critical pathway. In 
other words, even if conduction block is created on 
the endocardial side, conduction may remain within 
the Marshall bundle on the epicardial side. Such a 
pseudo-focal atrial tachycardia has been reported 
utilizing the atrial epicardial structure (J Cardiovasc 
Electrophysiol. 2021; 32: 2451–2461). Hence, it 
stands to reason that to perform a mitral isthmus 
ablation by inserting electrode catheters both into 
the coronary sinus and Marshall vein, it would reveal 
whether the conduction was through the vestibule 
and ridge or the Marshall bundle, respectively. 

Figure 1
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Figure 2 shows a mitral isthmus ablation with 
electrodes catheters placed in the coronary sinus and 
Marshall vein. In the center panel, the intracardiac 
electrograms in the middle of the mitral isthmus 
ablation are shown. The atrial activation pattern on 
the coronary sinus catheter is from proximal to distal 
during pacing from the left atrial appendage, which 
usually indicates conduction block is completed 
between the distal coronary sinus and left atrial 
appendage. However, if you look at the intracardiac 
recordings in the Marshall vein, the activation 
pattern is not yet a pattern from proximal to distal, 
so still the conduction through the Marshall bundle 
remains.

An additional radiofrequency application on the 
ridge eliminated the conduction through the 
Marshall bundle and changed the activation pattern 
in the Marshall vein to a proximal to distal pattern 
as shown in the right panel. We reported that such 
a pseudo-conduction block in the coronary sinus can 
sometimes be disclosed by the electrocardiograms 
in the Marshall vein (Fujisawa T, et al. Pacing Clin 
Electrophysiol. 2019; 42: 617-624), which might 
account for the higher recurrence rate.

Considering the myocardial sleeve of the superior 
vena cava is one of the arrhythmogenic foci of atrial 
fibrillation, it is no wonder the Marshall bundle also 
could be one of the arrhythmogenic foci. 

Figure 2
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For such an arrhythmogenic Marshall bundle, 
electrical isolation can be undertaken as shown in 
Figure 3. In this patient, the potentials of the Marshall 
bundle could be completely eliminated by left atrial 
endocardial and intra-coronary sinus radiofrequency 
applications, which could be paced, and exit block 
could also be demonstrated (Kashimura S, et al.  
JACC: Clinical Electrophysiology, 2020; 6: 1647-
1657). In cases it is tough to create conduction 
block in the Marshall bundle, this concept of a 
Marshall bundle isolation could be extrapolated. 
The Marshall bundle cannot always be transected 
but could be isolated by eliminating the electrical 
conduction between the left atrium and Marshall 
bundle. An ethanol injection into the Marshall vein 
surely can abolish the myocardium around the 
Marshall vein. However, we consider that creating 
radiofrequency lesions while observing the change 
in the electrograms of the Marshall vein is elegant 
and the endpoint is clear.

The concept that the atrial epicardial structure 
consists of a reentrant circuit of the cardiac 
arrhythmia is intriguing. Recently, not only the 
Marshall vein, but also Bachmann’s bundle and the 
septopulmonary bundle are reported to be involved 
in such three-dimensional atrial tachycardias (Heart 
Rhythm 2021; 18: 349–357, J Am Coll Cardiol EP. 
2020; 6: 1812–1823). This has become an era of 
considering arrhythmia circuits three-dimensionally 
while thinking of the epicardial tissue even for atrial 
tachyarrhythmias.

Figure 3



CALL FOR ABSTRACTS
1.  ABLATION TECHNOLOGY
2. ATRIAL FIBRILLATION
3. BASIC SCIENCE
4. CARDIOVASCULAR IMPLANTABLE ELECTRONIC DEVICES
5. GENERAL ELECTROPHYSIOLOGY / PREVENTION / SCREENING / IMAGING / ECG 
6. HEART FAILURE
7. PEDIATRICS AND GROWN-UP CONGENITAL HEART DISEASE
8. SYNCOPE AND SUDDEN CARDIAC DEATH
9. SUPRAVENTRICULAR TACHYCARDIA
10. VENTRICULAR TACHYCARDIA

TH
EM

ES

Register now to enjoy Early Bird Rates! 

More than 200 Regional and International Experts
World-Class Scientific and Educational Programme

Exciting New Session Formats and Networking Opportunities
Loook out for our Scientific Programme in July!

JOIN US LIVE IN SINGAPOREJOIN US LIVE IN SINGAPORE
OR ONLINEOR ONLINE

REGISTRATION IS OPEN!REGISTRATION IS OPEN!

For more information and future updates, 
visit www.aphrs2022singapore.com



SEND 
TRANSMISSION

HISTORY HELP & SUPPORT

MY HEART 
DEVICE

myMerlinPulse™

Heart Device Checked
Last checked on

February 15, 2020.

9:40 AM

SEND 
TRANSMISSION

HISTORY HELP & SUPPORT

MY HEART 
DEVICE

myMerlinPulse™

Heart Device Checked
Last checked on

February 15, 2020.

9:40 AM

Disclaimer: 
EnSite™ X EP system is commercialized in Australia and New Zealand, Hong Kong, Japan and Singapore, but has not yet in China, India, Indonesia, 
Korea, Malaysia, Philippines, Taiwan, Thailand and Vietnam. Accordingly, for China, India, Indonesia, Korea, Malaysia, Philippines, Taiwan, Thailand and Vietnam 
the product remains investigational, under development and is not for commercial sale. Abbott will not sell (or accept any advance purchase order or prepayment), 
supply, distribute or promote this product in China, India, Indonesia, Malaysia, Philippines, Taiwan, Thailand and Vietnam until it has been registered with the 
regulatory authorities.
Gallant™ is commercialized in Australia, Hong Kong, India, Japan, South Korea, Malaysia, Taiwan, Thailand and Singapore, but has not yet in China, Indonesia, 
Philippines and Vietnam. Accordingly, for China, Indonesia, Philippines and Vietnam, the product remains investigational, under development and is not for commercial sale. 
Abbott will not sell (or accept any advance purchase order or prepayment), supply, distribute or promote this product in China, Indonesia, Philippines and Vietnam until it 
has been registered with the regulatory authorities.
CAUTION: This product is intended for use by or under the direction of a physician. Prior to use, reference the Instructions for Use, inside the product carton (when 
available) or at manuals.sjm.com or eifu.abbottvascular.com for more detailed information on Indications, Contraindications, Warnings, Precautions and Adverse Events.
Abbott Abbott Medical Japan LLC
One St. Jude Medical Dr., St. Paul, MN 55117 USA, Tel: 1 651 756 2000 1-5-2 Higashi Shinbashi, Minato-ku, Tokyo 105-7115 Japan, Tel: +81-3-6255-5740
Abbott.com
Abbott Medical Australia Pty Ltd Abbott Medical New Zealand Limited
299 Lane Cove Road, Macquarie Park, NSW, 2113, Tel: 1800 839 259 4 Pacific Rise, Mt Wellington Auckland, 1060, Tel: 0800 756 269 
Product name: EnSite X EP システム　Approval License number: 30300BZX00166000
Product name: イーピーワークメイトシステム Claris　Approval License number: 22500BZX00198000
Product name: Cool Path アブレーションシステム　Approval License number: 22100BZX00891000
Product name: Ampere 高周波発生装置　Approval License number: 22600BZX00430000
Product name: TactiCath QuartzアブレーションシステムN　Approval License number: 22800BZX00391000
Product name: ギャラン ICD　Approval License number: 30200BZX00247000
Product name: ギャラン HF　Approval License number: 30200BZX00246000
™ Indicates a trademark of the Abbott group of companies.
© 2022 Abbott. All Rights Reserved.
MAT-2206843 v1.0 | Item approved for Australia and New Zealand, Hong Kong, Japan and Singapore use only.

Revolutionize high-density cardiac mapping 
with the EnSite™ X EP System and EnSite™ 
Omnipolar Technology (OT)

MAPPING WITHOUT COMPROMISE

REDEFINE SIGNAL QUALITY
with a newly designed platform paired with a best-in-class 
high density mapping catheter that improves the signal to 
noise ratio with a noise floor of 0.01 mV4

MAP 1,000,000 POINTS
to meet your procedural needs without limitation

SEE EVERY SIGNAL IN 360 DEGREES
capturing signals that no other mapping technology can see*

1. Varma N, O’Donnell D, Bassiouny M, et al. Programming cardiac resynchronization therapy for electrical synchrony: reaching beyond left bundle branch block 
 and left ventricular activation delay. J Am Heart Assoc. 2018;7:e007489. http://jaha. ahajournals.org/content/7/3/e007489. Accessed April 17, 2018.
2. Data on file. 60101422 Internal Validation Report. Total 2019 global high-voltage implants, all manufacturers, estimated to be 440,434 units (Source: Abbott Market Research).
3. Gabriels J, Budzikowski AS, Kassotis JT. Defibrillation waveform duration adjustment increases the proportion of acceptable defibrillation thresholds in 
 patients implanted with single-coil defibrillation leads. Cardiology. 2013;124(2):71-75. 
4. Abbott. Data on File. Document #90569806.
* Every signal can be defined as any signal seen on the RAI window recorded by the HD Grid mapping catheter when the map polarity is set to omnipolar.

BUILT TO DELIVER
PATIENT-CENTRIC OUTCOMES

ICD and CRT-D Solutions 
designed to provide 
personalized therapy to 
meet unique patient needs. 

LONGER PATIENT SURVIVAL WITH 
SYNCAV™ CRT TECHNOLOGY
100% of patients have a narrower QRS duration1

ENHANCED DETECTION AND TREATMENT 
WITH VF THERAPY ASSURANCE
>800 PATIENTS annually with challenging arrhythmias could 
have their lives saved because of VF Therapy Assurance2

SAFER MANAGEMENT OF CARE WITH 
DEFT RESPONSE™ TECHNOLOGY
100% success in preserving a 10J safety margin with DeFT 
Response™ Technology3

OT ACTIVATION VECTORS 
POINT AT EACH OTHER 
INDICATING LINE 
OF BLOCK


