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“The journey to finding a solution to a problem often involves 
the discovery of questions you never thought to ask.”

John TerBorg

Notes on the First Edition
Creating a book, even a book of this nature, is not a small undertaking. Indeed this publication took 
many months to write, gather the material, organize, and put it together in what we hope is a meaningful 
presentation. More than that time though is the realization of the years of research and development that 
stand behind the information and patents presented herein. Indeed, contained behind these pages are the 
countless hours of blood, sweat and yes, even tears from the army of engineers, team members, collaborative 
strategic partners and their families who all contributed pieces to each puzzle we sought to solve along the 
way. The depth of that dedication is not lost on us as we come to the publication of this work.

As of the printing of this book, the first edition of the collected patents for Neuro-Kinesis, Corp., we feel 
the achievements we have made in each of the technologies we have developed, has been well worth the 
sacrifice it took to get here. Specifically with the development of our Huygens™ Catheter – Proteus™ 
Robotic Arm Operating Suite, we feel that we are poised to bring a fundamental change in providing the 
EP surgeon a better tool that will  affect their ability to bring better outcomes to their patients. If we are 
successful in just a small part of that change, we will have proven our journey’s worth.

2



Collected Patents
FIRST EDITION

© Copyright 2022 Josh Shachar Publishing • All rights reserved.
No part of this book may be resold, reproduced or used in any other publication or media 

display without the express written consent of the publisher. Violators will be punished to the 
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One of the aims in creating the NKC’s platform was the establishment 
of a technology which will enable a measuring apparatus to collect its 
input data and provides a definitive causal relationship between the 
electrical activity gathered by the EP catheter’s set of sensing electrodes 
to probe the endocardial substrate and the surface electrograms. 

CATCHING
THE SMALL FISH

a forward by Josh Shachar

One of the aims of creating the 
NKC’s platform was the establishment of 
a technology that will enable a measuring 
apparatus to collect its input data and 
provides a definitive causal relationship 
between the electrical activity gathered 
by the EP catheter’s set of sensing 
electrodes to probe the endocardial 
substrate and the surface electrograms.

This process currently performed 
by the existing art lacks the ability 
to obtain such results due to the 
limitations in which the physician can 
ascertain the geometric foci and their 
electrical characteristics to form an 

electro-anatomical map with specificity 
representing the fidelity of the 
endocardial surfaces, thereby creating 
an EP map that mimics the dynamics 
of the electrical waveforms with a 
resolution which are commensurable 
with signals typically encountered 
when measuring scar-tissues which 
exhibits a low voltage signature.

It is not clear with the current art 
that we are able to pick up these casual 
relationships in areas where the signal 
value of the scar tissue, which is as low as 
5-100 microvolts (µV), can be measured 
because of the geometrically larger 
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orders of magnitudes the environmental 
electrical noise creates which mask these 
low-voltage signals. Indeed, in most 
cases what we observe is only a statistical 
correlation between certain behavioral 
features of the electrical activity over the 
endocardial map and what is believed 
to be the cause of the arrhythmia. This 
phenomenon of signal-to-noise ratio 
(SNR) is dealt with in the current art by 
the introduction of multiple filtering 
techniques which attempts to remove 
the artifacts created by the noise that 
is riding on top of the signal. As we 
observe, such artificial “cleaning” of the 
raw signal emanating from the surface 
of the heart chamber is most times 
“clearing the weeds with the daisies” 
in that we are eliminating valuable 
signal information as well as the noise.

As a result,  there is a lot 
of  information that has to be 
interpolated by the physician in an 
effort to achieve a clear path that 
links the electro-anatomical data to 
its intended therapeutic solution.

Although there are multiple 
therapeutic treatments for many 
different known pacing diseases, 
these solutions only cover the 
categories for the disease model, 
such as paroxysmal Afib and others, 
where the treatment modality 
follows a “cookie-cutter” approach 
in support of such simpler cases.

The simple pacing cases noted 
above provide for a clear relationship 

between the diagnostic and the 
therapeutic for which the EP physician 
can apply a standard protocol for 
using various methods of RF ablation 
techniques. However, this model breaks 
when you start dealing with a complex 
arrhythmia where the causes for the 
pacing disturbance are multi-focal 
as they emanate from complicated 
behaviors of the endocardial surface 
and where a collection of scar tissue 
on the surface of the heart chamber 
results in a complex set of the causal 
induced phenomenon. These are 
not as simple to trace as the causal 
links require an understanding of 

the electrical activities resulting 
from the deeper substrate dynamics.

When you think about the 
endocardial tissue, there isn’t only a 
surface electrical event but there are 
also deeper substrate events that are 
only uncovered when you perform a 
substrate mapping coupled with surface 
electrograms while synchronously 

Inventor of the technology Josh Shachar with one of the first 
prototypes for the CGCI catheter guidance technology which 
was the progenitor for NKC’s current achievements.
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defining the position and orientation of 
the wavefront direction and magnitudes. 
T r e a t m e n t  o f  t h e s e  c o m p l e x 
arrhythmias requires a much different 
and customized therapeutic approach.

Only about 60% of cardio ablation 
procedures are represented in these 
simple “cookie-cutter” approaches, 
such as Paroxysmal AFib where the 
surgeon isolates the pulmonary vein 
by ablating a roofline and an Isthmus 
line to restore the orderly pacing of 
the heart. When 
you are exposed 
t o  a  c o m p l e x 
a r r h y t h m i a 
where the causal 
relationships are 
a set of electrical 
activities, such as 
those identified 
for example by phenomena such as 
“Rotors” with atrial fibrillation, you are 
faced with the fact that the information 
gathered with the existing catheter 
technology, falls far short because of 
its low resolution and poor dynamic 
range in being able to capture these 
low voltage scare tissues area and 
provide the EP specialist with the 
necessary data needed to make better 
therapeutic decisions. This is due to 
the fact that such events necessitate the 
uncovering of simultaneous knowledge 
of position, orientation, DC potential, 
and impedance measurement and such 
data must be captured at a dynamic 
rate of substrate electrical activities.

Scar tissues combined with a 
low voltage cannot be picked up by the 
current catheters. It is like a fisherman 
that goes to the ocean to catch fish where 
the spacing of the net openings is only 
10” apart. Surely, he will catch the large 
fish like a tuna, but he will completely 
miss the smaller fish because the net 
simply cannot capture them. This was 
the main motivation of the MOSFET 
local amplifier module as an adjunct 
element to the electrodes located on 
the sensing catheter, which evolved 

i n t o  a  s m a r t 
m i n i a t u r i z e d 
sensing platform 
we now designate 
as the Huygens™ 
C a t h e t e r 
t e c h n o l o g y .

In addition 
to the low resolution of the existing 
catheter’s technology and its inability to 
properly perform at electrical potential 
ranges of 25-100 µV and where such 
measurement needed additional 
circuitry to measure the conductivity of 
the substrate mapping with the existing 
art, we set a goal to solve the problem of 
eliminating polluting noise within the 
measurements we wanted to capture.

We understood from our long 
history of developing our MOSFET™ 
Catheter that there are multiple sources 
that can corrupt the catheter’s ability 
to measure bioelectrical events without 
massive filtering at the low range of 

«The current state of  EP art is only 
able to effectively capture and diagnose 
60% of  the patient population that have 
arrhythmia conditions that fit the profile 
consistent with high-voltage scar tissue 
that can be addressed by a ‘cookie-cutter’ 
therapeutic approach.»
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the spectral density of the endocardial 
surface. One of these problems is the 
distinction between far-field and near-
field electrical signals coupling. When 
you put the catheter electrode on the 
endocardial surface, you are measuring 
not just the signals that are local, those 
in contact with the electrode, but the 
surrounding wavefront signal in such 
a dynamic as well. Additionally, the 
DC threshold stable reference cannot 
be maintained within the existing art. 
The signal-to-noise ratio issue inherent 
with any analog signal measurement 
practically obliterates signal fidelity 
at the relevant regime of interest to 
the EP physician. The question for us 
was, how do we go about improving 
such impedance microscopy within the 
current standard and without altering 
the great advances made in the art of 
electrophysiology, thereby incorporating 
with a seamless integration the 
solution noted by the Huygens™ 
Catheter’s advanced digital apparatus?

To understand the order of 
magnitudes of the NKC’s solution we 
should consider an optical analogy 
that will explain what we are hoping to 
achieve. Imagine a microscope that has 
a magnification power of 50x. If you want 
to see something an order below this, 
say 500x or 1000x, in order to achieve 
such optical resolution, the optical 
aperture will necessitate a different set 
of lenses to “see” the desired objects 
at this magnification. In electrical 
measurement terms, existing catheters 

have no problem measuring signals of 
500µV and up. The problem we are facing 
is in trying to “see” these signals on the 
substrate where small scar tissue signals 
are in the range of 25µV to 50µV. Back to 
our fisherman analogy, the existing nets 
are just not able to “capture” objects 
as small due to the net’s dimension. 
In our electro anatomical domain, we 
are faced with massive parasitic noise 
coupled with the 500µV signal. Noise 
that is not only inherently part of the 
signal capture but also noise that is 
associated with the transmission of 
the signal to the mapping computer, 
which is interspaced in an operating 
room and where every element of 
the room is emitting electrical RF 
radiation that which contaminate the 
signal. This includes the 60Hz that 
is constantly being emitted by the 
operating room’s lights. In addition, 
there are many other sources of high 
frequency such as the EKG and X-Ray 
equipment. Add to this the life support 
system operating at frequencies as 
low as 5Hz, and the cumulation of all 
of these sources of electromagnetic 
noise corrupting the native signal 
obtained from the patient’s heart.

The low-level voltage map of 
the scare tissue is now mixed into the 
bioelectric signal from the catheter. 
At this point, you then have to start 
filtering the signal to remove this noise. 
But doing this also eliminates all the 
elements of the signal that the physician 
requires in order to form a consistent 
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causal chain that relates the disease 
to the formed electroanatomical map, 
hence the requirement for an apparatus 
to improve the diagnostic parameters 
in resolving complex arrhythmias.

The aim of NKC was to provide 
the physician with a new Impedance 
Microscopy commensurate with the 
disease-level electrical activity and the 
dynamics of the electrical wavefront so 
as to enable a clear understanding of the 
actual state of the patient heart and not 
just an idealized 
model that does 
n o t  r e s e m b l e 
the specificity 
of the patient.

W i t h  t h e 
H u y g e n s ™ 
Catheter, we are 
able to capture 
the three critical 
p a r a m e t e r s  i n 
order to affect 
the outcome of the patient disease. 
The ability to capture the signal 
locally, amplify the low-level electrical 
signal, identify the conductivity of 
the substrate at that position and 
obtain the coordinate of that event 
in a simultaneous sequence while 
digitizing the measurement, hence 
creating immunity from any other 
analog interference of the surrounding 
environment. Such signal can then 
be transmitted via a fiber-optic 
channel and its integrity is preserved.

These advances will position the 
Huygens™ Catheter to revolutionize 
the EP Catheter Mapping world and 
when coupled with the Proteus™ 
Robotic Arm, the EP operator will have 
a turnkey breakthrough in catheter-
based diagnostic and therapeutic 
solutions that are not only far superior 
in results but one that offers a lower 
cost, plug-and-play portable answer 
that can be implemented anywhere. 
The introduction of the Huygens™ 
Catheter will be a game-changer for 

the EP physician. 

In addition, 
o u r  a d v a n c e d 
c a t h e t e r  t i p -
c e n t e r e d 
technology has 
the potential to be 
implemented into 
any EP catheter 
d e s i g n  b e i n g 
m a n u f a c t u r e d 

now which implies that the Huygens™ 
technology may be a game-changer for 
the strategic players which serve this 
global market. NKC brings the ability 
to change any EP catheter into a 21st 
Century SMART device that provides 
a win-win-win-win advantage to the 
surgeon, the patient, the healthcare 
facility, and the insurance provider. 
Huygens™ is opening the door to a whole 
new day in advancing EP medicine.

«The Huygens™ Catheter is able to 
simultaneously capture knowledge of  
position, orientation, DC potential, and 
impedance measurement within a few 
milliseconds of  endocardial surface contact 
and with a resolution that is able to close 
the net to grab the low-voltage substrate 
information critical to addressing the other 
40% of  patients who suffer from complex 
arrhythmia issues.
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The mechanism underlying the multi-focal events 
which contribute to the more complex arrhythmia 
conditions for thousands of  patients has been known 
and understood for many years. But it wasn’t until the 
invention of  our Huygens™ Catheter technology, that 
the EP surgeon had a real-world tool that could take 
that knowledge and bring it into a practical device 
that could allow the measurements of  these events to 
be consistently captured in order to provide the map 
that could lead to better diagnostic and therapeutic 
outcomes for these patients



Neuro-Kinesis Corporation (NKC) is an advanced 
medica l  device technology company created to 
consol idate  and commercia l ize  i t s  leading-edge 
breakthroughs in surgical tools that integrate state-
of-the-ar t biosensor technologies, advanced micro-
miniaturization design and ar tificial intelligence to 
further the ability of a physician to treat their patients. 

C h a r t i n g
 t h e  C o u r s e



The company was formed in 2015 
when Pharmaco-Kinesis Corporation 
(PKC) made the decision to separate 
its IP into four different entities 
that could each focus on the area of 
expertise the individuals technologies 
addressed. Neuro-Kinesis was created 
to manage and develop PKC’s SMART 
surgical tools, Cognos-Therapeutic 
Inc was established to handle the 
company’s SMART Implantable drug-
delivery pump systems, Sensor-Kinesis 
to further the biosensor technology 
related to biomarker detection, and 
Nano-Kinesis Corporation was tasked 
with the development of nano-particle 
and combinatorial drugs technologies 
that the company had acquired.

THE VISION

The formation of NKC from PKC 
represented over fifteen years of research 

and development into engineering a 
new approach to biosensor technologies 
that could provide real-time, clinically-
relevant measurements and analytics 
of targeted biometrics measurements 
such as biomarkers, disease pathogens, 
and tissue bioelectric conductivity, and 
then converting those measurements 
into digital data to be processed 
according to the specific application 
required. In addition to these 
proprietary biosensor technologies, 
PKC had also achieved evolutions in 
applying artificial intelligence and 
micro miniaturization to the embodied 
processing of this captured data to 
provide a SMART technology form to 
a surgical tool. In doing this, the tools 
that these technologies employed 
provided a radically new advance to both 
diagnostic and operative patient care.

Neuro-Kinesis Corp. was part of the division of technologies initiated by Pharmaco-Kinesis Corp. in 2015
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THE VISIONARY

The inventive steps that form 
the core technology of the various PKC 
entities is the result of a combined 
effort between NKC Chief Technology 
Officer Josh Shachar and the expertise 
of collaborators such as Dr. Gang 
on the clinical side, and our capable 
engineering team in the fields of 
robotics, magnetics, microelectronics, 
microfluidics, biology, virology and 
electrophysiology. All of the above 
disciplines form the core technologies 
nested in the various companies 
under the former umbrella of PKC.

Josh is an American scientist, 
inventor, and entrepreneur who has 
pioneered the discovery of ground-
breaking innovations in magnetic 
guidance, advanced microelectronics, 
biological sensors, and medical device 
technologies. His work has continued 
to push the envelope of discovery in 
a variety of fields including national 
defense, aerospace communication, 
and medical diagnostics. Indeed, 
Josh’s work for the U.S. Department 
of Defense (DoD) resulted in several 

breakthroughs in the areas of vehicle 
delivery efficiencies, radar imaging, 
and advanced guidance systems. Two 
of the companies Josh founded in this 
arena, EDEL Engineering Development 
Corp. and Engineered Magnetecs, Inc., 
are still thriving today and continue 
to set the standard for their respective 
industries. Indeed, there is not a free 
world missile program that does not 
operate without EMI equipment abroad.

Josh might have remained in the 
DoD arena if it were not for witnessing 
his mother undergo a catheter stent 
procedure as the result of a heart attack. 
In watching the dance between the 
patient and the physician as he manually 
guided the catheter through her living 
body and into her beating heart, Josh 
knew that there had to be a more 
effective way to accomplish the task.

MAGNETECS –
THE BEGINNINGS OF A NEW ERA IN  
EP CATHETER GUIDANCE

In 2002, Josh, along with Dr. 
Eli Gang, MD, FACC, FACP, Clinical 
Professor of Medicine at the David 

JOSH SHACHAR 
Co-founder of the PKC Group of Companies 
and Inventor of the Technologies

For more than 20 years Josh Shachar has led the 
innovative work behind each of the PKC Group of 
Companies. His bold vision casting has resulted in 
fundamental shifts in how diagnostic medicine, 
pharma-therapy and surgical device technology can 
improve patient outcomes.
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Geffen School of Medicine at UCLA, and 
Frank Adell, a successful entrepreneur 
and business leader with over 30 years 
of experience in strategic planning, 
formed Magnetecs Corporation to take 
Josh’s insights into magnetic guidance 
for missile systems to see what could be 
done in improving the art of catheter 
guidance in the electrophysiology 
world. Josh formed his engineering 
team and set a vision to create a platform 
that would use an array of magnetic 
lobes that could generate high-energy 
magnetic fields whose strength could 
be individually controlled by a remote 
operator in order “pull” a specially 

designed catheter tip through a living 
heart chamber with exacting location 
tolerances in any axis of direction. This 
was a bold vision but within the first 
four months of formation, Josh and his 
engineering team had constructed the 
first prototype for what they called the 
Catheter Guidance Control & Imaging 
(CGCI) System. This new guidance 
technology was described in Magnetecs 
first patent titled “System And Method 
For Radar-Assisted Catheter Guidance 
And Control” (US 2005/0096589 Al) 
which was published in May of 2005.

CGCI Evolution
CGCI represented a major leap forward in EP catheter guidance by delivering controlled magnetic lensing to navigate the 
movement of a catheter in three-dimensional space. The images below show four pivotal development stages of the system from 
the first 4” design prototype in 2002 to the full-scale CGCI-II used in the initial human trial studies in 2010.

CGCI IICGCI ICGCI P2CGCI P1

Dr. ELI GANG
Co-founder of the PKC Group of Companies 
and NKC Chief Medical Officer

Dr. Gang Clinical is a Professor of Medicine at the 
David Geffen School of Medicine at UCLA. He is 
board-certified in Internal Medicine, Cardiology, and 
Clinical Electrophysiology. Hs research has included 
development of advanced ECG technologies as well 
robotic approaches to ablation in the heart.
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During this developmental period 
of the catheter guidance system, Josh 
and the engineering team became 
acutely aware of the failings of the 
current mapping catheters to deliver 
detailed maps of the cardiac tissue 
due to the inability of the electrodes 
to differentiate electrical “noise” from 
the bioelectric signals of the heart 
tissue that needed to be captured to 
create a working map. In addition, 
the technology at the time was only 
able to capture signals of a high 
amplitude which meant the granular 
detail that would help an EP surgeon 
in choosing their ablation paths was 
not being captured as well as it could. 

While moving forward with-
CGCI™, Josh quickly realized that the 
guidance of the catheter was only one 
side of the coin that was required for 
improving the existing cardio-mapping 
processes. In order to bring real 
innovation, the EP surgeon needed a 
better camera; i.e., a better catheter. As a 
result of the realization, Josh organized 

a separate development team to look at 
creating a better mapping catheter that 
could overcome the two major obstacles 
to generating a more meaningful cardio-
map; the ability to separate desired 
signals from extraneous noise, and the 
ability to measure bioelectric signals at 
voltage levels as low as 25 microvolts.

REINVENTING THE EP MAPPING 
CATHETER

Achieving this goal required 
rethinking how signal capture was made 
inside the heart and then transmitted 
to the mapping computer outside the 
patient. Traditionally, the EP surgeon 
has to manually push a standard 
catheter into the patient’s body and 
navigate it into a chamber of the heart, 
the atrium, for example in treating AFib. 
The surgeon would then need to move 
the tip of the catheter, which contained 
an array of small electrodes, to make 
contact with the heart tissue to “capture” 
the bioconductivity of the tissue at that 
point. Data points being measured 

MOSFET™

The MOSFET™ Catheter was the predecessor to NKC’s 
Huygens™ Catheter technology. With MOSFET™ the 
concept of bringing signal amplification, signal capture 
and signal processing onto a flexible circuit board located 

in the catheter tip, opened the door to the unprecedented 
fidelity capabilities that Huygens™ brings to the EP art.

To the left is a first schematic concept for electrode tip signal 
processing used in the MOSFET™ Catheter
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are calculated based on RF signals 
being synchronistically generated by 
patches placed on the patient’s chest. 
When the catheter electrode tip is 
pressed against the endocardial wall, 
these signals are captured and the time 
differential between the origination 
and the acquisition of the RF allows the 
mapping software to triangulate and 
determine a point in 3D space. This is 

then repeated over and over again until 
a sufficient map of the heart’s geometry 
is constructed allowing the EP surgeon 
to understand the shape of the space 
they are working in. In addition to this 
anatomical mapping, an EP surgeon can 
also perform a substrate map whereby 
a very small millivolt electrical signal 
emitted by the catheter tip electrode 
is sent through the heart wall. This 
allows an impedance difference to 
be taken which informs the surgeon 
of the viability of the heart tissue. If 
the heart tissue is good, the impedance 
will be very low but if scar tissues exist, 
basically forming a barrier to electrical 

conductivity, the impedance will be very 
high. Since this voltage is so small, many 
variables can affect the results that the 
electrode produces. First is the ability 
to ensure the voltage being sent to the 
electrode remains constant. Since current 
EP electrode catheters use a pre-line 
amplifier that is located at the physician’s 
side of the catheter outside the body to 
generate the voltage to the electrode 

tip, many factors can decrease or alter 
the fidelity of the signal. These include:

• Inconsistent power regulation 
within the amplifier.

• Degradation of the signal as it 
travels down the length of the 
catheter to the electrode due to 
faulty material, the actual distance 
being covered, and the ability to 
control and measure the signal 
being output by the electrode tip.

• Pollution of the signal due to 
the ambient electrical “noise” 
of all the surrounding tissue the 
catheter is moving through.

Fig. 1 To create an accurate heart map for treating AFib, the mapping catheter must be able to detect the small elec-
tro-impedance differentials between healthy tissue that can efficiently carry electrical signals for proper heart pacing 
and scar tissue that cannot. With current technologies, the lower fidelity electrode sensors can often miss small scars 
or not be able to detect the gradation of impedance differentials to properly define the edges of the non-conductive 
tissue.

Scar Tissue Impedance
• bipolar amplitude <1.5 mV 
• maximum pixel intensity ≥40%

Healthy Tissue Impedance
• bipolar amplitude ≥1.5 mV 
• maximum pixel intensity <40%
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NOISE DESIRED SIGNAL

NOISE DESIRED SIGNAL

NOISE DESIRED SIGNAL

THE NOISE PROBLEM
Current cardio mapping technology requires an analog RF signal 
to travel the entire circuit of the catheter’s length in order to 
capture the bioelectric signals needed to plot both location 
and bio-tissue viability. As a result, the signal is subject to 
degradation due to the length of travel and the pollution from 
other RF sources in the operating room. 

Mapping 
Computer

Patient

Light RF

Electrical RF

Equipment RF

Other Bio-RF

up to 18’ of signal travel

Mapping 
Computer

Patient

Light RF

Electrical RF

Equipment RF

Other Bio-RF

up to 18’ of signal travel

Amp

Mapping 
Computer

Patient

Light RF

Electrical RF

Equipment RF

up to 18’ of signal travel

Amp

Fig. 3 shows the attempt to add signal amplification at the 
mapping station source in order to boost signal fidelity. Though 
this helps, the wave spectrum shows that noise is equally 
amplified along with the bioelectric tissue measurement.

Fig. 4 shows the vast improvement in signal fidelity that the 
Huygens£ Catheter brings to bio-tissue impedance capture when 
the signal amplification, filtering and processing occurs at the 
catheter tip. Further that this method then allows the analog signal 
to be converted to a digital format before having to travel back to 
the mapping computer, thereby preserving an accurate and much 
higher resolution signal. 

Fig. 2. Shows the traditional signal path for EP cardiac 
mapping and the various sources that create pollution in the 
signal making it hard to discern noise from needed tissue 
measurement.

Figure 2

Figure 3

Figure 4
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• Quality of the sensing electrode to 
isolate targeted tissue impedance 
versus all the other extraneous and 
ambient noise.

These issues also point to the 
second major limitation that needed 
to be overcome with the electrode 
mapping technology available at the 
time; the ability to ensure the message 
received is the same as the message 
sent. The signal path for heart mapping 
is not a one-way road. Not only must an 
electrical signal travel cleanly to the 
electrode tip, but it must also then be 
discharged against the tissue being 
examined, measure the resulting 
reading, and send it back down the 
catheter to the diagnostic equipment for 
decoding into a language the physician 
can understand. Since the signal is at 
the millivolt level in a radio frequency 
analog spectrum, it is easy to see how 
difficult it is to maintain a consistent, 
quality reading. It is very much akin to 
trying to maintain an AM radio station 

on your car as you travel further and 
further from the originating tower. We 
have all experienced this phenomenon: 
as we get further from the transmitting 
source, that great song we were listening 
to first begins to get distorted and 
then fades away as more and more 
interfering RF waves contaminate the 
signal and the originating signal grows 
weaker and weaker. We can always try 
a bigger antenna but at some point, 
distance and signal strength will be 
compromised and finally lost. Add to 
that what happens when you travel 
under a bridge or through a tunnel, 
now the signal is not just getting 
worse, it gets completely cut off.

The solution to these problems 
was easily realized. Instead of having the 
signal travel to the mapping computer 
before processing, it would be better 
to create a catheter that could do all 
the processing at the catheter tip, 
convert that already processed signal 
to a digital format that could not be 

Expanding Innovation
Over the past twenty years, the engineering teams 
under the leadership of Josh Shachar have pushed 
many of the boundaries of what is possible in 
advanced medical device technology. As a result 
the companies have generated hundreds of 
new innovations which have been identified and 
protected through a vigorous patent application 
and procurement process. To date, more than 240 
patents have been filed covering a wide array of 
invention which have all been focused on improving 
the healing arts. 

System And Method For 
Radar-Assisted Catheter 

Guidance And Control
US 2005/0096589 Al) 

05/2005

Apparatus For Magnetically 
Deployable Catheter With 

MOSFET™  Sensor And Method 
For Mapping And Ablation

US 2007 /0197891 
10/200914



compromised through transmission, 
and send that digital signal to the 
mapping station. This was a perfect 
solution in theory but realizing it 
had never been attempted or done. 

This is where the advanced 
biosensor technologies and micro 
miniaturization capabilities that had 
been underway at PKC since 2004 
were integrated into helping to create 
a next-generation mapping catheter. 
Josh envisioned a technology where 
the bioelectrical signal being taken by 
the electrode could be amplified and 
recorded on a miniaturized micro-
processing strip located inside the 
distal end of the catheter tip. In August 
of 2007, Magnetecs filed its first patent 
for this catheter technology titled 
“Apparatus For Magnetically Deployable 
Catheter With MOSFET™  Sensor And 
Method For Mapping And Ablation” 
(US 2007 /0197891 Al). The MOSFET™ 
Catheter, which stands for Metal-Oxide-
Semiconductor Field-Effect Transistor, 
sought to solve both issues and provide a 
quantum leap forward in catheter-based 
EP electrode technology by providing:

• A source-point signal amplifier in 
the catheter tip to eliminate signal 
degradation.

• A sensor array that is much more 
efficient at distinguishing relevant 
data from extraneous noise.

• A method for interpreting the 
resulting data at the sensor 

point instead of the post-signal 
processing being done at the time.

• Conversion of the analog 
information to true digital 
information after processing 
t o  t r a n s m i t  t h e  s i g n a l 
readings in a high-definition, 
uncompromisable language back 
to the physician

With the basic concept, 
engineering, and math issues laid out, 
the engineering team began a dedicated 
program of system development, 
prototype testing, and proof-of-concept 
validation to bring this idea into reality.

MOVING CGCI FORWARD

On the CGCI™ front, in 2007 
after solving scalability issues and 
making major advancements in the 
needed supporting technologies for 
user interface, power control, and 
safety, as well as integrating artificial 
intelligence and robotic-assisted 
guidance to provide autonomous 
guidance for the ability to return a 
catheter automatically to a pre-mapped 
and targeted position, the team created 
a 2/3rds scale version of the CGCI™ 
and began its initial animal study to 
show guidance and targeting efficacy. 

The study, which was performed 
at Cedars Sinai Hospital in Los 
Angeles, CA, consisted of 15 subjects 
undergoing a simulated AFib procedure 
to show the ability of CGCI™ to 
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move a catheter to an identified target site, 
remember the location and then return 
automatically to the site on a repeated basis. 
The study also tested the ability of the CGCI™ 
to perform a simple Atrial Ablation procedure.

The success of the initial study opened 
the door for the company to begin the path 
to achieving the regulatory compliance 
certifications that would be required as they 
moved to commercialization. The first of 

these was USDA authorization 
which was quickly followed by 
UL Certification and ISO-13485 
approval. With these in place, 
Magnetecs constructed a full-
scale version of the CGCI™ in 
a dedicated operating suite at 
the University Hospital of La Paz 
in Madrid, Spain, to undergo 
its first human clinical trials. 

Phase One trials began in 
2010 under the direction of Dr. 
Gang and Dr. Jose Merino. The first 
study consisted of 20 patients in 

which a highly detailed map of the heart was 
created along with several key target points 
within the various chambers being identified 
using a standard EP mapping catheter which 
had been modified with a magnetic tip. Once 
the mapping was completed, the catheter 
was moved back to its starting point and then 
guided robotically by CGCI™ back to the 
heart chambers and each identified target 
location. Phase One testing was successfully 
completed in January of 2011 and Magnetecs 
immediately moved into Phase Two trials of 
the human study which were completed in July 
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of that same year. A Phase Three study 
consisting of 56 patients with diagnosed 
AFib was then constructed. The study 
aimed to perform a series of atrial 
ablation procedures of which 18 were 
paroxysmal atrial ablations. The study 
showed a dramatic 80% efficacy rate. 
The trial was completed successfully in 
December of 2011 allowing Magnetecs 

to apply for and be granted its CE Mark 
certification, which gave the company 
permission to begin commercial sales 
of CGCI™ in the European Union.

THE MOSFET™ CATHETER

In September of 2012, Magnetecs 
successfully completed an initial, 
or pathfinder, MOSFET™ Catheter 
prototype that validated the concept 
of utilizing the localized amplification 
characteristics of MOSFET™ technology 
to increase the sensitivity and accuracy 
of bioelectric potential measurement. 

The study showed a comparison of 
a local amplifier employing MOSFET™ 
versus a remote amplifier with a standard 

EP electrode catheter. Simulated cardiac 
QRS signals (heartbeat rhythms as you 
would see on an EKG) were created by a 
programmable generator and measured 
along two different signal paths. One 
employed a post-amplified, current 
electrode technology, and the second 
channel utilized the locally amplified 
MOSFET™ sensor technology. The 

first signal that was tested was tuned 
to just under 50 millivolts by adding 
a series of attenuators to the input 
signal of a standard electrode catheter 
which resulted in a total signal gain 
of 128. This post-amplified signal 
was sent through the catheter and the 
return signal was then measured to 
determine if any signal loss occurred. 
Not surprisingly, the measured signal 
was nearly imperceptible at this level 
due to noise degradation that had 
occurred along the signal path. In other 
words, the signal was virtually useless. 

In contrast, when the same signal 
was run through the pre-amplified 
MOSFET™ path, it was shown to be 
well-formed and the cardiac properties 

1. 1. 1. 1. 1. 1. 1. 1. 1. 1.

2.2.2.2. 2.3.

4. 4. 4. 4. 4. 4. 4. 4. 4.
5. 5. 5. 5. 5. 5. 5. 5. 5. 5.

2. 2. 2. 2.

4.

3. 3. 3. 3. 3. 3. 3. 3.

1. Electrode Tip and Rings

2. Catheter Capacitor

3. Catheter Resistor

4. Power Leads and Output 
Connections

5. MOSFET Amplifiers

MOSFET™ ADVANTAGES
In developing the MOSFET™ Catheter the engineering team was able to advance many new approaches in micro-miniaturization 
that allowed them to bring proximal end signal processing into a reality. These breakthroughs have been expanded and built upon 
into the creation of NKC’s new Huygens™ Catheter technology
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of the heartbeat were clear. The total 
signal gain was only 100 simply by 
moving the location of the gain block 
from one end of the catheter to another. 

W h e n  t h e  Q R S - s i m u l a t e d 
signal is captured by the local 
a m p l i f i e r  i n  t h e  M O S F E T ™ 
Catheter, the result was substantially 
identical to the “pure” standard.

MAGNETECS COMES TO A TURNING 
POINT

By 2014 Magnetecs had expanded 
its CGCI placements to continue its 
global regulatory and commercialization 
efforts. In addition to the installations 
at Magnetecs headquarters, Cedars-
Sinai Hospital in Los Angeles, and the 
University Hospital of La Paz in Madrid, 
two more installations were completed at 
the Yonsei Severance Hospital in Seoul, 
South Korea, and the Na Holmoche 
Hospital in Prague in the Czech Republic. 

By 2015 Magnetecs had filed more 
than 90 patents on its  CGCI™ system, 
its MOSFET™ Catheter, and a SMART 
catheter guidance sheath called the 
Lorenz™ Active Sheath. The system had 
been proven a success in re-imagining 
what catheter guidance and cardio-
mapping could do and the company was 
entertaining many options for pursuing 
its commercialization path forward. 

Unfortunately, a global economic 
downturn effectively dragged to a 
standstill the ability of most growing 

CGCI - Los Angeles, Ca USA
Cedars-Sinai Hospital Director: Dr. Eli Gang

CGCI - Inglewood, Ca USA
Magnetecs Headquarters        Director: Josh Shachar

CGCI - Madrid, Spain
La Paz University Hospital        Director: Dr. Jose Merino

CGCI - Prague, Czech Rep.  
Na Holmoche Hospital          Director: Dr. Petr Neužil 

CGCI - Seoul, South Korea  
Yonsei Severance Hospital        Director: Dr. Hui-Nam Pak 

CGCI INSTALLATIONS
By 2014, Magnetecs had expanded its CGCI installations to five 
operating suites around the globe.
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advanced medical device companies 
to achieve any ground in market share 
as hospitals, research universities, and 
the entire medical field was faced with 
the need to dramatically cut costs and 
budgets for not only new development 
but for core programs as well. Magnetecs 
was not immune to this new fiscal 

reality. Rather than abandon its efforts, 
the management team believed that the 
temporary reverse in economics could 
be used to the company’s advantage.

Magnetecs underwent a thorough 
re-organization of the entire company 
to make it leaner and more agile for the 
new economic reality. It re-evaluated 

The BIOSENSOR
One of the cornerstone innovations developed by Josh Shachar was the creation of a new biosensor technology. In its simplest form, 
a biosensor is a device capable of identifying and or measuring a biological target of interest and converting that measurement 
into a digital signal which is then able to be processed by computational algorithms for whatever application is being applied. 
The biosensors developed by PKC Group of Companies ranged from being able to measure the biometrics of a patient, pathogenic 
biomarkers for diagnostic disease mitigation, environmental contaminants in food, air and water, the concentration and uptake of 
therapeutics being delivered to a tumor site, and the bio-conductive potential of tissue as it applied to NKC’s technology. The images 
here show some of the biosensor types invented and the subsequent technologies the flowed from them

First generation biosensor SAW Biosensor for Optikus™ 
pathogen detection

Lab-On-Chip biosensor for the 
Primus™ detection system

Biofet biosensor

PRIMUS™ OPTIKUS™ SMART Brain Retractor MBP SINNAIS™

CMMD RPPD PathSMART™ OvaSMART™ Tumor Fighter™
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all existing relationships and contracts 
with strategics and vendors as well 
as re-negotiated relationships with 
its partners that would be favorable 
to not only staying viable during this 
period but poised for dramatic growth 
once the economy turned around.

PHARMACO-KINESIS – BUILDING THE 
BRIDGE BETWEEN THE BIOLOGIC 
WORLD and the DIGITAL DOMAIN

Jumping back in time to 2004, 
in addition to the work being done at 
Magnetecs, Josh Shachar along with 
Dr. Gang, Frank Adell, and noted 
neurosurgeon Dr. Thoma Chen, Ph.D., 
Director of Surgical Neuro-oncology at 
USC, had begun work on developing a 
new implantable drug-delivery pump 
for solid tumor treatment that would 
incorporate some of the advanced 
biosensor technology Josh had been 
developing, along with a capability 
of controlled metronomic micro-
dosing and wireless AI-enhanced 
communication. The technology, 
known as the Magnetic Breather Pump 
(MBP) at the time, had developed from 
the drawing board to a proof-of-concept 
bench-top model and by 2008 was ready 
for prototyping and testing. Pharmaco-
Kinesis Corp. (PKC) was formed and the 
company began to raise capital to pursue 
its regulatory and commercialization 
efforts. Over the next seven years, the 
advancements in PKC’s biosensor 
and pump technology had generated 

many breakthrough improvements in 
the ability to capture and measure very 
small biological signals of interest, 
whether electrical or organic in nature. 

In addition, the biosensor 
technology was able to provide real-
time feedback to the operator on the 
measurements being made which 
allowed either diagnostic or therapeutic 
action to be taken immediately. In 
the case of the MBP, this meant a 
treating oncologist could monitor the 
effectiveness of a chemotherapeutic 
the pump was delivering into a tumor 
bed and have the ability to adjust 
dosages up or down accordingly. 

In developing this technology for 
the MBP, PKC began the development 
of a separate medical device that could 
measure a biomarker of interest in the fluid 
sample to identify not only the presence 
of but the amount of the biomarker that 
was present. This application opened the 
door to a whole new way of dealing with 
diagnostic medicine, in that a biomarker 
could be analyzed in the field with clinically 
relevant diagnostic confirmation data 
being given in a matter of minutes instead 
of waiting days or weeks for a lab analysis 
to be made. In the case of an infectious 
pathogen, such as Ebola, this could 
mean the difference in response from 
a small quarantine versus dealing with 
a widespread epidemic or pandemic. In 
the case of a biomarker such as Troponin 
which is the leading indicator for a heart 
attack, diagnostic data could be done at 
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the scene of a patient episode or in transit to 
the hospital so that proper treatment could 
be immediately determined and taken.

Of equal importance during this 
time was PKC’s efforts in miniaturizing all 
the components needed for the pump and 
the pathogen detection technology down 
to systems that could be implantable, in 
the case of the pump, or portable, in the 
case of the pathogen detection system. In 
this effort, PKC’s engineering team was 
able to make significant breakthroughs 
in developing lab-on-a-chip and lab-
on-a-disk technologies, that could 
take what normally required a large 
dedicated laboratory space, very expensive 
equipment, and trained technicians, and 
reduce this down to a microchip-based 
system that would automatically handle 
diagnostic measurement, data processing, 
and data communication between 
the patient and the treating physician.

In addition to these technologies, 
PKC had also developed patents on a 
variety of ancillary devices including 
a SMART Brain Retractor, that could 
provide a neuro-surgeon with instant 
feedback on cerebral tissue biometrics 
during a brain surgery that would 
mitigate additional tissue trauma, a 
Vertebral Body Motion Sensor, SMART 
device that would allow physicians to 
monitor a patient’s spinal alignment 
after spinal fusion surgery, and 
an implantable tooth medicated 
dispenser that would provide an easy 
method by which certain therapeutics, 

such as pain medication, could be 
delivered to a patient’s bloodstream in 
a metronomically controlled fashion. 
Other devices such as a skull-mounted 
optical sensor, a post-surgical pain 
abatement device, and even a SMART 
Shoe that detected changes in the 
acceleration and pressure of a user’s 
foot, were technologies that came from 
this period. In total PKC filed more than 
ninety patents for these innovations.

THE FORMATION OF NEURO-KINESIS

It was at this juncture in 2015 
that a decision was made in light of the 
divergent technologies and the economic 
turn-down, to separate PKC into the four 
separate companies mentioned earlier 
so that efforts could be consolidated 
to focus on furthering each technology 
stream. In creating NKC, a decision 
was made to also roll the Magnetecs 
IP into NKC as part of the mission for 
developing SMART surgical tools. 

Since that time, NKC’s efforts have 
been solely on taking all the components 
and technologies developed in its 
creation of CGCI, MOSFET, the 
SMART biosensor development, 
and its micro miniaturization and 
AI enhancement breakthroughs and 
revision them for the new economic 
reality as well as the changes that had 
occurred in the EP field since 2002.
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RE-VISIONING CATHETER MAPPING 
and GUIDANCE

Two unique problems were 
identified that needed to be addressed 
to meet these new goals. One was to 
find a way to take robotic catheter 
guidance from the 9-ton CGCI, with its 
need for a dedicated operating suite 
and specially trained technicians and 
reduce this down to a portable plug-
and-play system that could be installed 
in any standard EP operating room. 
The second was to find a way to further 
refine the catheter mapping technology 
that could reduce the signal-to-noise 
ratio in the bioelectrical measurements 
beyond what MOSFET had been able 
to accomplish, while significantly 
increasing the sensitivity of the electrodes 
to measure even smaller electrical 
voltages in order to provide higher 
resolution 3D maps for the EP surgeon.

THE PROTEUS™ ROBOTIC ARM

In the case of the robotic catheter 
guidance system, a whole new approach 
was taken that involved creating a shoe 
box-sized mechanical device that could 
provide an EP surgeon complete and 
fine-grain control of catheter translation 
(forward and backward movement), 
rotation, and tip deflection using a simple 
joy-stick Haptic controller. The result 
is the Proteus™ Robotic Arm which in 
essence reduced the CGCI system from a 
9-ton structure to a 9kg device that could 
be held in one hand. The Proteus™ 
utilizes three independent drive systems 
to control catheter movement for rapid 
intravascular navigation or small precise 
movement inside the heart. All movement 
is recorded by the system’s navigational 
software which enables user-designated 
fine movements of the catheter tip as 
macro-commands that can be user-

The first portable plug-
and-play robotic-assisted AI 
Catheter Guidance System
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activated via a control interface. Further, 
the Proteus™ addresses the current 
drawback that requires a lengthy training 
period measured in years, to permit the 
clinician sufficient dexterity and muscle 
memory in performing the very small 
multi-plane changes in the position 
of the catheter within a beating heart. 
With Proteus’™ ability to command 
these fine movements without manually 
needing to rotate and steer the entire 
catheter, the stage was set to provide 
a large improvement in the success 
rate and safety of these procedures.  By 
reducing the margin of human error, 
robotic assistance can flatten the 
otherwise relatively steep learning curve 
of present and future clinicians. The 
computer-aided return of a catheter 
tip to a designated site, or multiple 
sites stored on a mapping system, is 
very useful in clinical settings such as:

• Sites previously ablated which had 
resulted in a temporary cessation 
of a rhythm or achieved a specific 
EP end-point.

• Sites previously designated as 
“areas of interest” during a baseline 
mapping of a cardiac chamber.

• Multiple sites which comprise a 
specific designated “lesion set”, 
such as a line connecting two 
anatomic structures in the heart.

The Proteus™ Robotic Arm also 
utilizes a specially designed catheter 
handle which can be used manually 
as any traditional catheter steering 

device currently being used, but also 
seamlessly slips into the Proteus™ 
Robotic Arm for robotic assisted 
computer guidance. Although designed 
specifically to work with NKC’s catheter 
technology, the handle can be adapted 
to accommodate most standard 
EP catheters on the market today. 

THE HUYGENS™ CATHETER

In addressing the catheter 
mapping goals, NKC made several 
breakthrough advances to develop 
a cutting-edge device that advanced 
their previous achievements to whole 
new levels of success. Named the 
Huygens™ Catheter, after Dutch 
mathematician, physicist, astronomer, 
and inventor, Christiaan Huygens, who 
is widely regarded as one of the greatest 
scientists of all time, the catheter 
incorporates several key technology 
improvements that set it apart from all 
other mapping catheters. These include:

• The ability to provide a correlation 
of substrate and anatomical 
mapping.

• Improved amplification and signal 
pre-processing.

• O r i e n t a t i o n - i n d e p e n d e n t 
electrode configuration.

• Lossless optical data transfer.

• Photo-voltaic power supply.

• Contact sensing, force control, and 
haptics.
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• Integration with Proteus™ 
automation and robotic-assisted 
guidance.

• AI and machine learning 
capabilities.

• An open architecture platform.

Details of this are addressed in 
the next section of this book, but the 
summation is that the Huygens™ 
Catheter provides the capacity to 
address many of the current issues 
in EP mapping such as balancing the 
need for both substrate and anatomical 
mapping in one procedure as well 
as delivering a 3D cardiac map that 
is 200x higher in resolution than 
current mapping technologies provide. 

THE HUYGENS™ – PROTEUS™ 
ROBOTIC SURGICAL PLATFORM

Together the Huygens™ Catheter 
and the Proteus™ Robotic Arm form 
the basis for the Huygens™ – Proteus™ 
Robotic Surgical Platform which 
combines the next-generation mapping 
catheter and the plug-and-play robotic 
guidance system with NKC’s guidance 
control operating station, and the NKC 
mapping station. The complete system 
can be installed in any standard EP 
operating room and the learning curve 
takes a fraction of the time to learn. 

The Huygens™ – Proteus™ 
Robotic Surgical Platform is poised 
to provide the EP physician with 
pioneering new abilities to perform 

H U Y G E N S ™CATHETER
The Huygens™ Catheter represents a major advance in EP 
Catheter mapping technology. With Huygens™ NKC has 
exponentially expanded on its innovation with the MOSFET™ 
Catheter technology by bringing complete AI-enhanced 
algorithmic signal processing of bioelectrical tissue sampling 
into a system completely contained within the catheter sensor 
tip.  This advance provides a resolution increase of 200x over 
current technology. In addition the Huygens™ Catheter is 
able to convert the analog signal capture into an incorruptible 
digital format for processing and transmission to the NKC 
Mapping Station.
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their art with greater precision and 
greater patient success by providing 
an exponential leap in mapping 
resolution and catheter guidance. 

RENAL DENERVATION – A NEW 
APPLICATION

With this advancement, NKC 
has also opened the door to new areas 
of potential cure in the EP world. The 
rapid growth in illness and death related 
to hypertension has put tremendous 
pressure on the medical field to develop 
better cures for those whose high blood 
pressure cannot be remedied with 
medication and lifestyle changes. One 
of the potential cures that have been of 
great interest is in Renal Denervation 
(RD). RD seeks to minimize or eliminate 
persistent hypertension through the 

ablation of the renal nerves in the kidney 
that regulate the release of renin, a 
protein produced by the kidneys that 
regulate the body’s mean arterial blood 
pressure. The basic proposition and 
understanding of how RD can impact 
hypertension have been well researched 
and extrapolated, but effectively being 
able to perform the procedure with 
consistent degrees of success has fallen 
far short of expectations. The issue is 
twofold and lies in the inability of current 
EP mapping and detection tools to be 
able to overcome certain challenges.

The first is that unlike the nerves 
in the heart, which are well known and 
fixed in their location, the sympathetic 
renal nerve formation and locations are 
individualized to each person. Much like 
a tree, the renal nerve plexus consists of a 
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branching network of nerves that grow 
out from one another and attach to 
the renal artery in completely random 
locations. This makes locating them 
much harder to do. The second issue is 
that the electrical signals that the nerves 
produce are not a consistent regular 
pattern as can be measured in the 
beating of the heart, even an irregular 
beating one. Instead, electrical 
impulses only occur when a biological 
event occurs that triggers the nerve to 
signal the brain, which then signals 
back to the kidney to release renin. It 
is much like trying to find a road that 
can only be seen when the streetlight 
comes on except that you have no way 
of knowing when that will happen. In 
addition, the signals that are produced 
are of a very high frequency and 
extremely short duration which makes 
capturing them for mapping purposes 
extremely difficult with the resolution 
of current EP mapping systems.

The Huygens™ Catheter has 
the potential to change this paradigm 
and open the RD procedure to the 
success that has eluded efforts to date. 
First, the Huygens™ Catheter has the 
ability to generate a nerve signal to 
occur by “pulsing” spots in the renal 
artery with a small electric current. 
When the current is applied it excites 
the nerve end creating the impulse 
signal that causes the brain to return 
the triggering signal back to the nerve 
end. This ability to, in essence, turn the 
lights on for each renal nerve pathway, 

RENAL DENERVATION
Unlike endocardial tissue mapping where electric signal pulses are 
rhythmic and source points are known, in mapping the bioconductivity 
of renal tissue, the measurable electric impulse only occurs when a 
significant event is registered in the brain causing the nerve pathway 
to be excited in order to trigger the release of renin. The difficulty in 
mapping this intermittent signal is further complicated as the nerve 
bundles in each person’s kidney is like the root system of a tree in its 
uniqueness of branches and pathways.  With the Huygens™ Catheter, 
NKC is positing an approach that could make renal denervation a viable 
and effective treatment protocol.

The image below shows how the Huygens™ Catheter is positioned into the kidney to 
where the EP surgeon suspects the renal nerve plexus is located. The catheter tip is then 
moved across the tissue while it is emitting a RF signal which when it comes in contact 
with a nerve ending, will excite that nerve pathway causing the signal to be relayed to the 
CNS, in essence telling the brain that a significant renal event has occurred.

In response the brain then sends an impulse back down the nerve pathway telling it to 
release renin into the kidney. This impulse “lights-up” the termination point of the nerve 
allowing the Huygens™ Catheter to capture its position and bioconductivity. By repeating 
this process, much as in cardio-mapping, the EP surgeon is able to construct a renal map 
and determine where ablation should be done to correct the issue being treated.

1. Huygens™ Catheter excites 
nerve ending by pulsing it 
with RF energy.

2. Signal is passed 
from the nerve 
ending back to the 
brain 

3. Receipt of this signal triggers a 
response from the CNS 

4. The CNS sends an impulse back 
through the renal nerve to release 
renin

5. The signal travels 
along the nerve 
to the originating 
nerve end

6. When the signal  pulses 
the nerve end, the Huygens™ 
Catheter is able to capture its 
position and amplitude.
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allows for accurate and rapid mapping of 
the patient’s specific renal nerve plexus 
to provide the EP physician with the data 
points needed to perform an effective 
RD ablation. Secondly, by giving the EP 
physician a working technology that 
can actually “see” and “hear” these very 
short high amplitude signals, the current 
guesswork associated with attempts at 
ablation for RD can be greatly reduced. 
When this ability to map is coupled 
with Proteus™ Robotic Arm’s ability to 
provide robotic guidance of the ablating 
catheter back to each identified nerve 
ending, NKC has indeed shifted the 
paradigm for Renal Denervation success.

MOVING FORWARD

At the time of this publication, NKC 
has already filed eight patents related to 
the Huygens™ IP and has assembled 
a solid regulatory team to manage the 
company’s trajectory to achieving both 
FDA and CE Mark certification to allow 
the platform to be commercialized in 
the U.S. and EU. Initial animal study 
protocols have been established to 
this end and these studies are set to be 
conducted in the third quarter of 2022. 

Application for an Institutional 
Animal Care and Use Committee Approval 
(IACUC) has been filed for the study to be 
done at the Technion Institute in Haifa, 
Israel. The study will be conducted by both 
Dr. Eli Gang and Principal Investigator 
Dr. Rona Shofty, DVM, Ph.D., DALAM. 

The study will demonstrate the 
ability of the Huygens™ Catheter to 
generate clinical data that is superior to 
the existing art. Specifically, the study 
is designed to demonstrate the ability 
of the Huygens™ Catheter to perform 
detailed mapping and target acquisition 
procedures in all four chambers of the 
test subject’s heart. Success in this 
study will constitute proof-of-design 
adequacy and equipment safety in 
reaching the efficacy and safety goals 
established in the study protocols. 

A separate agreement is also 
being finalized with Sandia National 
Laboratories to perform real-time 
simulation studies of the system under 
the guidance of Dr. Darren W. Branch, 
PhD., and is anticipated to proceed 
concurrently to demonstrate the 
embodiments that differentiate the 
Huygens™ Catheter from any other 
catheter in the marketplace today.

In addition, NKC is undertaking 
the installation of a full lab facility for 
the Huygens™ – Proteus Robotic™ Arm 
Surgical Platform at its headquarters 
in Los Angeles, California by the end of 
October 2022. Once completed, NKC 
will begin its internal validation studies 
in preparation for the above trials.

The lab installation will allow 
the NKC engineering team the ability 
to test prototype designs, perform 
quality control checks, and establish 
operational and test protocols while 
gathering the important analytical and 
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comparative clinical data needed to 
further its regulatory approval strategy.

With two decades of innovative 
research and development, and a track 
record of realizing breakthroughs that 
push the envelope of what is possible, 
NKC continues to strive to be the leader 
in advancing the ability of the physician to 
bring healing to their patients everywhere.
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In Cardiac Electrophysiology (EP), one of the 

most challenging problems remains in finding 

a definitive cure for atrial fibrillation (Afib). 

Afib is a type of arrhythmia, or abnormal heartbeat 

presented when a patient exhibits an extremely fast 

and irregular heartbeat from the upper chambers of 

the heart; generally exceeding 100 beats per minute. 
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In a normal, healthy heart, the 
heart contracts about once per second 
at rest and increases with exercise. Each 
contraction pushes blood from the 
atria (the two upper chambers) to the 
ventricles (the two lower chambers). 
The ventricles then contract and push 
the blood to the lungs or the rest of 
the body. In a person with Afib, faulty 
electrical signals irregularly make the 
atrial contractions, and with much 
faster pacing. The atria then gets out of 
sync with the ventricles. Blood can pool 
in the atrium, which can lead to blood 
clots and strokes. Afib can cause many 
issues for a patient including extreme 
fatigue, heart palpitations, dizziness or 
lightheadedness, shortness of breath, 
fainting, and chest pains. Severe Afib is 
also a major contributor to heart disease, 

stroke, and heart failure.

Afib remains one of the most 
common cardiovascular diseases in 
our society today, affecting 2.7 to 6.1 
million people in the U.S., with increased 
morbidity rates due to thromboembolic 
stroke, congestive heart failure, cognitive 
dysfunction, and increased mortality. 
The curve of the increase has the 
potential to overwhelm our healthcare 
system. Current treatment modalities lie 
in two strategies; pharmacotherapeutic 
and surgical. Pharmacotherapeutic 
treatment of AF has been frustrating 
and frequently ineffective because of the 
significant risk of potentially intolerable 
or life-threatening side effects 
including bradycardia, palpitations, 
fatigue, nausea and vomiting, vision 
problems, and urinary retention. 
For some proarrhythmia is a risk. 
Proarrhythmia is when a therapeutic 

Mending a broken heart
Electrophysiology continues to be one of the fastest growing sectors in healthcare; especially in the area of treating heart-related 
disease issues such as AFib. Due to the nexus of an aging population, increased disease issues such as hypertension and diabetes, 
and a more sedentary lifestyle, AFib, and other heart pacing issues, continue to be on a dramatic rise. When lifestyle and pharma 
therapy is not successful, the primary approach to treating these issues is Cardio Ablation. As can be seen by the statistics below, the 
need for qualified surgeons and effective technology are only going to continue to rise over the coming years.

$3Billion

$8.6Billion

The Cardiac Ablation market  is 
expected to grow at a CAGR 
of 14.2% through 2030 almost 
triplying its current value.

$16      B The global ablation device 
market is anticipated to reach 
$16 billion by 2028

A recent study showed that AF 
ablation procedures hand an 
increase of more that 450% over 
the 10-year period examined.

450% 75K

12M
30M

US
US

G
LO

BA
L

2016 2050

The global growth in the 
number of patients needing AF 
treatments continues to be of 
utmost concern.
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drug used in controlling Afib provokes 
a new arrhythmia or the aggravation 
of a pre-existing one. In addition to 
primary drug therapy, patients generally 
also must be on anticoagulation 
therapy. Both anticoagulants and 
antiplatelet drugs can increase a 
patient’s risk for severe bleeding issues.

On the surgical front, the use of 
RF catheter ablation (CA) has become 
the growing choice for EP physicians for 
treating severe issues of Afib and other 
arrhythmic cardiac disorders. Although 
there are many approaches in using CA, 
such as wide circumferential anatomic 
pulmonary vein (PV) electrical isolation, 

linear lesions (mitral isthmus, roof), PV 
antrum isolation, PV ostia isolation, 
continuous complex fractionated 
electrograms (EGMs) ablation, and 
autonomic ganglionated plexi ablation, 
the end goal is generally the same, find 
where the electrical signal is being 
disrupted in the atrium’s endocardial 
wall and create a new path to restore the 
electrical pathway by ablating or creating 
scar tissue, that forces the signal path 
to reroute around the damaged tissue.

As currently practiced, all these 
approaches remain challenging because 
of the inherent state-of-the-art in the 
procedure. Some of these issues include:

The inadequacies of existing 
catheter electrode technology 
to capture meaningful signals 

that are not polluted by ambient noise, 
signal path degradation, and an inability 
to measure lower voltage potentials that 
could provide a more accurate heart map.

The manual nature of the procedure 
requires a skilled EP surgeon with 
years of training to move and 

guide the catheter into the heart and then 
to successfully navigate the interior for 
mapping, followed by the ablation process

The length of the procedure increases 
the patient’s and the physician’s 
exposure to radiation from the use of 

fluoroscopy or other imaging devices used by 
the EP surgeon to see their position in the heart.

1

2
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Most of these were covered 
in the “Navigating the Future of 
Electrophysiology” section of this book, 
but further explanation is warranted here. 

CREATING THE MAP

To review, CA requires the EP 
surgeon to first make a 3D map of the 
interior of the heart chamber(s) to both 
understand the geometry of the space 
and to measure the bio-conductivity 
of the tissue to determine where the 
electrical current is being interrupted so 
that ablation points can be established to 
restore proper sinus rhythm to the heart.

The problem to be solved is 
how to identify the arrhythmogenic 
causes of these fibrillations by 
measuring the impedance value of 
the tissue, to create an actual measure 
of the anisotropic wave propagation. 

The current state of the art with  
electrophysiology mapping techniques 
and its applications is detailed and 
described in a review paper by Li et al titled 
“Standardizing Single-Frame Phase 
Singularity Identification Algorithms 
and Parameters in Phase Mapping 
During Human Atrial Fibrillation”1, 
stating that “Recent investigations 
failed to reproduce the positive rotor-
guided ablation outcomes shown by 
initial studies for treating persistent 
atrial fibrillation (persAF). Phase 
singularity (PS) is an important feature 

1  Front. Physiol., 21 July 2020 – https://www.frontiersin.org/articles/10.3389/fphys.2020.00869/full 

for AF driver detection, but algorithms 
for automated PS identification differ.” 

The authors conclude that “In 
the present study, we demonstrate 
that automated Phase Singularity 
detection – and consequently persAF 
ablation target identification – vary 
significantly for the same individual, 
depending on the method being 
used and parameters being applied. 
The present study represents a step 
toward a unified definition/algorithm 
of phase-derived PS detection with 
standardized gradient and spatial 
thresholds, which is essential to allow 
objective comparisons of outcomes of 
rotor ablation for persAF therapy among 
different research/clinical centers.” 

As noted by Li et al in a 
comprehensive monograph noted 
above, in which the authors’ process of 
obtaining the spatial coordinates of the 
PS is based on mathematical-statistical 
methods where a computational 
algorithm is capable of sorting the locus 
of the rotor generator focal position 
of the electrical activity by employing 
a “2048-channel virtual electrogram 
(VEGM) and electrocardiogram signals 
were collected for 30 s from 10 patients 

Fig 1: The Hilbert Transform is an equation used in 
mathematics and signal processing that defines 
a the transform in which phase angle of all 
components of the signal is shifted by ±90o
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undergoing persAF ablation. QRST-
subtraction was performed and virtual 
electrogram EGMs were processed using 
sinusoidal wavelet reconstruction. The 
phase was obtained using the Hilbert 
transform (Fig 1). PSs were detected 
using four algorithms (Fig 2): (1) two-
dimensional image processing based 
and neighbor-indexing algorithm; (2) 
three-dimensional neighbor-indexing 
algorithm; (3) two-dimensional kernel 
convolutional algorithm estimating 
topological charge; and (4) topological 
charge estimation on a three-

dimensional mesh. PS annotations were 
compared using a structural similarity 
index (SSIM) and Pearson’s correlation 
coefficient (CORR). Optimized 
parameters to improve detection accuracy 
were found for all four algorithms using 
Fβ score and 10-fold cross-validation 
compared with manual annotation. Local 
clustering with density-based spatial 
clustering of applications with noise was 
proposed to improve algorithms 3 and 4.”

It is clear from the four methods 
proposed and the data acquisition 

Fig 2: The illustration above shows a representation of the four algorithms used by Li et al. in the research 
paper titled “Standardizing Single-Frame Phase Singularity Identification Algorithms and Parameters in 
Phase Mapping During Human Atrial Fibrillation” which looked at ways of creating a unified definition for 
phase singularity detection as it applied to EP endocardial mapping
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modes by which the identification of 
the Phase Singularity is obtained are 
highly dependent on the complex and 
subjective selections of parameters 
which in turn are subjected to the “Fβ 
score” analysis, due to assignments of 
non-symmetric preferences of some of 
the parameters relative value in assessing 
the locus of the Phase Singularity.

The differentiation between atrial 
flutter and atrial fibrillation in a location 

where such phenomenon occurs 
is another source of error that add 

to the identification of Phase Singularity.

The challenge is to develop 
an apparatus and method for the 
identification of the locus associated with 
atrial fibrillation by the use of a mapping 
catheter that has an ability to measure 
with near real-time the impedance as 
well as the tissue potential and thereby 
solving the variables in the algorithm 
we employ titled “Signal Anisotropy, 

Modeling Biopotential Activity with the 
Poynting Energy Vector (PEV)” described 
below. This technique is not available 
anywhere in the leading theories of the 
underlying mechanisms which defines 
the difference between a phenomenon 
called “atrial flutter” and one called 
“atrial fibrillation”. While flutter is 
marked by the gap associated with 
scar and fibrotic tissue, which inhibits 
the transport of the ionic charge of the 
wave propagation along the conduction 
path, fibrillation is a phenomenon 

physically correlated with a physical 
phenomenon described as “rotors”. 

In summary, the differentiation 
between flutter and fibrillation due to 
the anisotropic behavior of the wavefront 
dynamics, is the regeneration of the 
fibrillating foci, where the front of the 
wave and the tail of the wave are spiraling, 
while flutter is a simple fractionated 
electrogram, where the tail is just an 

The heart map is foundational to the Electrophysiologist’s ability to affect 
cure. The map provides the EP surgeon all the information regarding the 
topography of the heart chamber they are working in as well as the health 
of the tissue strata in its ability to conduct the electrical impulses that 
keep a heart in proper rhythm.

This map shows the anterior-posterior projection of an enlarged left 
ventricle with a large scar on almost all the anterior wall. Any voltage 
bellow 0.5 mV (red color) is considered scar tissue and any voltage above 
1.5 mV is considered normal myocardium (purple color). In between are 
three transitional tissues collared in yellow, green and blue. In this case, 
no tissue penetrated the scar and no central pathways could be mapped. 
The arrows show the large reentry cycle around the scar and dark red dots 
show the ablation points the surgeon has chosen to block the isthmus 
between the two scars.

Reading the map
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end represented by a capacitance delay. 
In fibrillation the focus of the energy is 
a generator where its equivalent circuit 
representation is a variable resistor. The 
main difference between fibrillation 
and flutter is the gap or the nature of 
the encroachment of the front into the 
tail: the gap is fully excitable and quite 
large in flutter, whereas it is smaller 
and partially excitable in AF, because 
of the intermingled front and tail. A 
detailed study of the physics as well as 

the physiology of cardiac cell 

mechanism is articulated by Sandeep 
V. Pandit and José Jalife “Rotors and 
the Dynamics of Cardiac Fibrillation”.

Currently, there are two types of 
CA-based heart-mapping techniques, 
anatomical and substrate. The EP 
surgeon generally uses one of the two, and 
in rare instances may use both, but doing 
so dramatically increases the length of 

the operation and the related risks. In 
brief the two types of mapping consist of:

Anatomical Mapping – Four 
RF generating electrode patches are 
placed along the three orthogonal axes 
of the patient. One on both sides of 
the patient’s chest (x-axis), one on the 
back of the neck (z-axis), and one on 
the inner left thigh (ground). The three 
orthogonal electrodes are used to send 
three independent, alternating, low-
power currents of 350 mA at a frequency 
of 5.7 kHz through the patient’s chest 

with slightly different frequencies of 
approximately 30 kHz used for each 
direction. The catheter electrodes in 
the heart pick up these signals which 
are sent back to a mapping computer. 
The mapping computer is then able to 
calculate the time between an electrode 
signal’s time of origination and the 
catheter’s reception of the signal. By 
calculating these three time differentials, 

In order to map the topographical surface of a heart chamber, the EP 
surgeon utilizes an anatomical mapping technique where three electrode 
are placed on strategic points on the patient’s body; the left chest, the right 
chest and the back of the neck. RF signals are sent sequentially from each 
of the three electrodes into the patient’s body. 

Once the EP catheter tip is in place inside a heart chamber, the EP surgeon 
moves the tip to a point of contact on the endocardial tissue. The catheter 
electrode is able to detect the “Time of Arrival” of the electrode signals. By 
calculating the time difference between signal sent and signal received by 
the catheter sensor, the mapping software is able to triangulate a position 
in 3D space of where the catheter is located. By repeating this process, the 
EP surgeon is able to build up a topographic map showing him the shape 
of the heart chamber walls as well as the location points of valves, veins 
and arteries.

1

2

3

Mapping the surface
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a geographic point can be triangulated 
to create a point inside the heart in 
3Dspace. This is repeated by advancing 
the catheter around the interior of the 
heart until the EP surgeon determines 
a sufficient map has been generated for 
him to create a road map for ablation. 

Obviously, the more points 
gathered the more detailed the map will 
be. But doing this manually is extremely 
time-consuming and all the issues 
related to dexterity, signal degradation, 
and length of procedure come into play.

Substrate Mapping – substrate 
mapping, unlike anatomical mapping, 
is designed not to gather a surface 
level topographic view of the heart’s 
geometry, but rather to look through the 
endocardial tissue to determine the bio-
conductive health of the tissue to carry 
the electrical signals being generated in 
order to keep the heart in normal rhythm. 

Substrate mapping essentially looks at 
the density of the tissue by measuring 
the impedance differential of a small 
microvolt signal that is passed through 
a contact point by the catheter electrode 
into the endocardial wall. The electrode 
measures the impedance differential 
between the signal generated and the 
signal returned in order to determine 
the viability of the tissue. Heart tissue 
that has become ridged or developed 
scar tissue will have a high impedance 
differential and indicate tissue that will 
not easily allow or may not allow any of 

the electrical signals being generated for 
heart pacing to pass through this tissue. 
By determining these areas of limited 
or zero bio-conductivity potential, 
the EP surgeon can determine where 
ablation needs to be performed to 
create a pathway around these areas.

It is important to stress that all 
the associated issues with EP mapping 

In substrate mapping, the EP surgeon is looking to determine both 
the depth of the cardiac tissue as well as the tissue’s electrical 
bioconductivity. In RF Catheter ablation the surgeon is diagnosing where 
the electrical energy flow needed for proper sinus rhythm of the heart is 
being disrupted by damaged or scarred tissue. Such tissue will generally 
have a denser mass then healthy tissue and therefor create a barrier to the 
flow of the heart’s electrical currents.

To determine what is happening below the surface, the EP surgeon makes 
contact with the outer endocardial tissue and sends an electrical impulse 
into the surface. This allows an impedance resistance measurement to be 
taken to determine the status of the tissue. Again by repeating this process 
over and over, the surgeon is able to generate a map of the endocardial, 
myocardial and pericardial tissue in the patient’s heart.

Below the surface Endocardium
Myocardium

Pericardium

Scar Tissue

Penetrating 
RF Pulse
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must be weighed and balanced when 
performing this type of mapping.

In either mapping case the desired 
outcome is the same as for a traveler 
in a car; to be able to see a detailed 
approximation of the geography where 
they will be traveling and to determine 
all the potential routes and hazards 
to calculate the best way to get where 
they are going. The heart-map is the 
key to a successful journey for the 
EP surgeon. The better the detail of 
the landscape and understanding 
of the topography and substrate, the 
better the surgeon’s choices will be in 
determining their course of action in the 
ablation process in order to effect a cure.

With the increase in acceptance 
of CA for treating cardio-disease issues 
such as Afib, there has been tremendous 
growth in companies developing 
mapping hardware and software for 
the creation of the needed heart map. 
Some of the biggest and most widely 
used technologies include the Abbott/St. 
Jude EnSite NavX System, the Medtronic 
CardioInsightTM System,  the Acutus 
Medical AcQ Heart Mapping System, 
and the Boston Scientific Rhythmia 
HDx™ Mapping System. Though there 
are many differences in the features 
and prices of these machines, each of 
them performs the essential function of 
creating a high-resolution interactive 3D 
map of a heart chamber. These maps are 
designed to show the tissue shape and 
electrical viability through a topographic 

ABBOTT/ST. JUDE ENSITE NAVX

MEDTRONIC CARDIOINSIGHTTM

ACUTUS MEDICAL ACQ

BOSTON SCIENTIFIC RHYTHMIA HDX™
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color scheme. The machines will also 
display other patient vitals such as 
heart rate, pulse rate, and a running 
EKG. The systems will also allow the 
EP surgeon the ability to plot their 
ablation points onto the heart map to 
be used as guide points for the ablation 

catheter. Additional features such as 
catheter type suggestions, analysis tool-
sets that provide deeper insights into 
tissue substrate, tissue resistivity, and 
lesion formation, and grid interpolation 
which uses algorithmic prediction 
software to help fill in detail between 

1

the H U Y G E N S ™  difference
With the HUYGENS™ Catheter the NKC engineering team has taken all the advancements made with its MOSFET™ Catheter 
technology and moved it into an entirely new level of sophistication in advancing the art of RF Catheter Mapping into a tip-based 
signal capture and processing  lab which manages all the functions that used to take large machines outside the patient’s body 
receiving corrupted and degraded analog signals from a mapping catheter over 6’ to 9’ away in order to create some type of heart 
map for the EP surgeon to work with.

The HUYGENS™ Catheter removes these barriers and for the first time provides an EP surgeon an ability to do both anatomical 
and substrate mapping with a fidelity that over 200x greater then current mapping software systems provide.

The sensor electrodes on 
the catheter capture a 
bioconductivity reading of 
the endocardial tissue. This 
reading can be as small as  
.5mv. In addition to the 
bioelectric signal desired, 
the electrode can still pick 
up extraneous electrical 
noise which pollute the 
signal the surgeon is 
looking for.

The captured signal is then 
run through a sophisticated 
filtering algorithm which is 
able to make a distinction 
between the bio-current 
tissue signal and all the 
rest of the noise. The noise 
is filtered out and the clean 
bioelectric signal is passed 
onto the next stage.

The clean bioelectric signal 
is then passed through a 
proprietary amplification 
algorithm which boosts the 
millivolt signal into easy to 
read microvolt level while 
still preserving all the 
signal’s information.

Finally the cleaned and 
amplified analog signal 
is converted into a digital 
data stream before it is 
sent by fiberoptic cable 
to the mapping station. 
This process completely 
eliminates any potential 
for signal degradation to 
occur during its travel .

2 3 4
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detection points using predictive 
analysis are incorporated to provide 
a better tool-set for the EP surgeon.

No matter the system, all of these 
technologies are entirely dependent 
upon the information they receive via 
the signals from the mapping catheter 
the surgeon is using. The mapping 
catheter, thus is the linchpin upon which 
successful mapping succeeds or fails.

LOSING THE SIGNAL

Of the three areas mentioned 
previously that determine the success of 
a CA procedure, the mapping catheter’s 
signal fidelity still remains the largest 
barrier to progress in advancing the art. 
At its core, a heart-mapping catheter 
is simply a very long wire, usually 6’-
9’ in length, connected on one end to 
a mapping computer and the other 
end to an electrode that both passes 
electrical energy to the heart tissue 
it is contact with and captures and 
send electrical information back to 
the computer. The sheathing of the 
wire may vary, as well as the shape and 
number of electrodes, but in the end, the 
standard EP heart mapping catheter is 
just a very thin flexible wire that must 
be pushed and moved into place by 
the physician inside a beating human 
heart in order to get the tip in a position 
to where it can capture information to 
send back to the other end of the wire 
where it is translated into the data 
needed to create an effective heart-map. 

Due to the length of this conductive 
wire from the catheter tip to the mapping 
station, and the analog nature of the 
signal, the catheter is subject to picking 
up non-essential electrical noise that can 
distort the actual measurement that the 
EP surgeon is trying to obtain. Though 
we think of an operating room as being 
a very quiet place, from an electrical RF 
and electromagnetic interference (EMI) 
standpoint, the space is incredibly noisy. 
RF and EMI noise from the electrical 
power for the equipment, lights, cell 
phones and other wireless devices 
and even the other bioelectric signals 
in the patient’s body, work to create a 
wall of noise that the EP surgeon and 
the catheter must navigate through to 
discern what is desired from what is not. 

Through time, EP catheter 
designers have tried many methods to 
try and clean and filter out the noise 
from the desired signal. Most of these 
methods have either involved a “raising 
the bridge” approach, where amplifiers 
are used to increase the amplitude 
of the captured signals to make the 
distinction between noise and needed 
bio-current signal easier to see, or a 
“lowering the bridge” approach where 
different types of filters are used to try 
and separate the noise from the bio-
current signal that is being sought.

To greater and lesser degrees, 
these methods have helped, but the bio-
potential signals are so very small relative 
to the noise, ranging as low as 25µV, even 
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when noise is removed using a complex 
filtering system at the distal end mapping 
station, there remains a potentially high 
risk of throwing the baby out with the 
bathwater because of the finite ability 
of filtering to discern a bio-potential 
signal from unwanted background 
noise. As a result, today’s electro-
physiologic mapping suffers from the 
shortcomings of existing recording 
equipment as well as limitations of 
the physician’s ability to interpret the 
acquired intra-cardiac electrograms 
(EGM) due to lack of signal clarity and an 
inability to fully discern the nature of the 
propagated signal in complex tissues.

In 2015, with this in mind and 
with all the advancements that the 
NKC engineering team had made in 
advancing proximal-end signal capture 
with its MOSFET catheter, a new 
vision was set by NKC Co-founder Josh 
Shachar to see if the remaining hurdles 
of micro-volt signal capture, signal to 
noise separation, and preservation 
of signal fidelity back to the mapping 
station could be overcome to be able to 
deliver an EP surgeon a 3D heart-map 
with far greater resolution, as well as 
one that took far less time to capture.

The hypothesis that Josh and the 
engineering team came up with was 
to see if the inherent improvement 
of catheter-based data acquisition 
could be improved by employing 
a methodology whereby the signal 
fidelity at the endocardial site would 

Christiaan 
Huygens
1629 – 1695

Christiaan Huygens is regarded as one 
of the greatest scientists of all time 
and a major figure in the scientific 
revolution.  Born in the Hague, Christiaan 
attended the University of Leiden where 
his father’s hope was that he would 
become a diplomat. But the sciences 
and mathematics were what captured 
Christiaan’s attention and he devoted 
himself to the fields of physics, astronomy, 
engineering and math.

His work in physics and engineering 
led to many foundational discoveries in 
advancing the principles of teloscopy.

In 1655, using a 50 power refracting 
telescope he designed himself, he became 
the first astronomer to identify Saturn’s 
Rings and was the first astronomer to observe 
the largest of Saturn’s moons – Titan. 

This melding of the curious astronomer 
and the exacting engineer also led him 
to the discovery of the pendulum as a 
regulator for clocks. His invention of the 
pendulum clock, which he prototyped by 
the end of 1656, was a breakthrough in 
timekeeping, allowing for more accurate 
clocks than were available at the time.

Huygens’ legacy in bringing to light new 
horizons in so many fields has earned him a 
pivotal position in the pantheon of scientific 
discovery. It is no wonder that the brightest 
interior of the Orion Nebula bears his name; 
the Huygens Region.
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be preserved by the use of a novel 
electronic scheme where the catheter 
tip electrodes were connected to a 
local amplifier, which then ran the 
signal through advanced algorithmic 
signal/noise filtering to separate bio-
tissue signal from local noise. At that 
point the signal would be digitized and 
transmitted via an optical serialized 
data line, thereby preserving the native 
signal. By preserving the native electro-
anatomical site potential, without 
continuous filtering, this catheter 
would allow the EP surgeon to observe a 
realistic representation of the electrical 
activity of the endocardial surfaces 
and uncover the arrhythmogenic 
cause of any pacing disturbance. 

The proposed catheter platform 
was named the Huygens™ Catheter 
after Christiaan Huygens, who was a 
17th century Dutch mathematician, 
physicist, astronomer and inventor, 
and who is widely regarded as one of the 
major figures in the scientific revolution. 

This approach of employing an 
active sensor electrode array with a 
local amplifier to enable an accurate 
“one-to-one” correlation for forming an 
electrophysiological map establishes 
a key foundational base for advancing 
the measurement of bio-tissue electrical 
potential. A bio-potential measurement 
using such technology substantially 
improves the representation of the 
energy contents on the spatial and time 
domains of the complex waveform, 

which leads to a recursive relationship 
between the graphical representation 
and the underlying bio-potential 
substrate which causes such electrical 
activity. The ability of such a catheter 
to capture the QRS complex from the 
heart and locate scar tissue based on the 
electrical potential reading of that tissue 
is many factors higher than existing 
technology. A typical QRS complex has a 

The insights proposed by Christiaan Huygens at 
the time caused fundamental shifts in thinking in 
each of the areas of inquiry he worked in. Above 
are some examples including: 1. an illustration of a 
tubeless telescope, 2. initial drawings describing the 
mechanics of the pendulum clock, 3. his concept 
for an early internal combustion engine powered 
by gunpowder, 4. an illustration from his general 
treatise on the dynamics of bodies in motion, and 
5. a drawing describing the rings of Saturn and 
their position around the planet.

1. 21..

3. 4.
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duration of 120ms at a frequency of 1Hz. 
The amplitude of the QRS is around 7mV, 
but the scar tissue can have an amplitude 
as low as 50uV. Therefore, the catheter is 
required to read a dynamic range of 0 – 
10mV with 10uV resolution to precisely 
define the location of a scar tissue.

As indicated by the current status 
of clinical results, there are presently 
two approaches to determining the 
underlying mechanism for modeling 
disease: the reductionist approach, 
which advocates for “substrate 
mapping” correlations with ECG, and the 
anatomical approach, which supports 
“anatomical mapping.”  However, in 

contrast, Josh Shachar argued that the 
true discussion should be centered on 
the nature of the measuring apparatus’s 
fidelity and the establishment of a 
model in electrophysiology which 
could employ both methodologies to 
form a uniform mapping standard. 
This model would provide for a 
common method of assessing the data 
and its elementary building blocks, 
which would improve not only the 
diagnostic and mapping procedures 
but also the therapeutic outcome.

One of the foremost goals of 
the EP community is to develop a 
comprehensive mapping technique that 

Much as the innovation by Christiaan Huygens were ground-shaking in their impact in the ways contem-
poraries thought about solutions to the problems being addressed, the concepts and ideas behind the NKC 
Huygens™ Catheter are causing the manner in which EP catheter mapping is done, to be reconsidered. Now 
form the drawing board to the real world,NKC is hoping the Huygens™ Catheter will have the same impact on 
electrophysiology as Huygens discoveries had on the areas of physics and engineering he opened up.

Above are some of the drawings from the Huygens™ Catheter patent showing: 1. a circuit block diagram of 
the Huygens™ Catheter, 2. three traces of the cardiac amplitude and corresponding power spectrographs, 3. 
a perspective view of a non-encapsulated Huygens™ Catheter, 4. a circuit block diagram of the impedance 
measurement circuitry used in the Huygens™ Catheter, 5. ECG and conductivity map over a time graph of an EP 
signal showing how the location of a rotor or other endocardial blockage is determined.

1. 2.

3.

4. 5.
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would be able to characterize the global 
dynamics of wavefront activation. This 
must first be anchored in a bottom-up 
consensus where these building blocks 
are accepted and agreed upon metrically, 
and whereby the cellular etiology and 
its electrical counterparts, that is, its 
dielectric and conductivity  are defined. 
The complexity and inter-relationships 
of these “avalanche” dynamics which 
are translated through the myocardial 
space, due to ionic potential on the 
spatial as well as time domains, can 
be resolved by the use of heuristic top-
down causal theory, when employing 
a local amplifier, active sensor array.

In understanding this, the 
relationship between the quality 
of the measuring apparatus and its 
ability to resolve the signal accuracy 
and its signal-to-noise ratio (SNR), as 
well as the fidelity and repeatability 
of the data generated becomes very 
apparent. Current attempts to resolve 
the myriad of above mentioned issues 
utilize the method of post-production 
processing which employs algorithmic 
tools such as the Fast Fourier Transform 
(FFT) technique or recursive methods, 
subsequent to the native measurement. 
As a result, the EP community is 
currently faced with the myriad of 
issues as described and exemplified 
in many published clinical journals.

The NKC Huygens™ Catheter 
addresses these issues with its open 
architecture design, digital processing 

and recording features, make it ideal 
for acquisition and indexing of complex 
data for machine learning set-training, 
research analysis and machine-assisted 
diagnosis, among other applications.

The active sensor technology that 
is incorporated into the Huygens™ 
Catheter tip utilizes impedance 
spectroscopy at the event site of the 
bio-potential signal. Just as microscopy 
provided for magnification which 
produced a novel view of matter at 
orders of magnitude which were 
then imperceptible, impedance 
spectroscopy provides an additional 
tool in the armamentum of the electro-
physiologist that can resolve the 
distortions caused by the noise of the 
current art and as well as helping to 
further understanding the inherent 
relationship between the substrate 
and its electrical activity counterpart.

By employing a local amplifier 
in the form of an active sensor array 
as a solution to such shortcomings, 
NKC aims to achieve the following 
outcomes with the Huygens™ Catheter:

• Native bioelectrical signal in the 
form of ionic electrochemical 
avalanche dynamics can be 
addressed by locating the 
preamplifier (Active Sensor) 
e l e m e n t  a d j a c e n t  t o  t h e 
measurement site; and

• Measurements using such 
technology are capable of “mining” 
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the “energetic event” by relating 
its inherent characteristics of 
time, magnitude and direction, 
without post-processing of the 
native signal, as is customary in the 
current art.

The shortcoming of the current 
electrode technology is emphasized 
by comparison with the substantive 
improvements provided by the 
Huygens™ Catheter technology. Simply 
stated, a local amplifier which acts 
as variable resistor, and its on-site 
electrical ground, that is, a ground not 
subject to the 5-ft. antenna/conductor, 
formed out of the catheter shaft, acting 
as a receiver/ carrier for equipment 
located at the operating room with 
frequencies ranging from 50-60 Hz to 

5-10 kHz, and where such an antenna 
is the origin for some of these noise-
generating sources, all but eliminates 
the SNR issue. The Huygens™ Catheter 
employs pre-amplification technology 
which substantially improves SNR, 
Spurious-Free Dynamic Range 
(SFDR), signal fidelity, sampling rate, 
bandwidth, differentiation of far-field 
from near-field components, further 
outlined in this introduction and 
the accompanying patents provided.

Those familiar with the art of 
measuring small bioelectrical signals 
understand that this active sensor 
technology provides a new foundation 
for a wide variety of medical applications. 
For example, electrophysiological maps 

FAR-FIELD SIGNALS

NEAR-FIELD SIGNALS

FAR-FIELD SIGNALS

NEAR-FIELD SIGNALS

Standard Full Ring Electrodes HUYGENS™ Half-Ring Electrodes

NEAR- and FAR-FIELD SIGNALS
The goal of an effective EP mapping catheter is to accurately capture the small millivolt bio-electrical impedance signals from the 
endocardial tissue while ignoring any other signals that may pollute the reading. One of the issues with current EP catheters is in the 
full-ring electrode design used on the catheter shaft. The design though was to maximize potential surface contact with the heart 
tissue no matter the catheter angle, however once the electrode ring is in contact with the tissue, the entire ring is energized and 
the majority of its surface is now open to “hearing” noise from the surrounding blood-pool.  The HUYGENS™ Catheter drastically 
reduces this contamination potential by incorporating a unique half-ring electrode design on each side of the catheter shaft. When an 
electrode surface is in contact with the endocardial tissue, its paired opposite on the other side is not activated and will not pick up 
any unwanted signals.

Once in contact with tissue, the entire electrode ring is energized and 
subject to picking up blood pool noise.

The HUYGENS™ half-ring electrode design mitigates blood pool noise 
contamination by ensuring only the electrode surface in contact with the 

tissue is energized.
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can be formed to establish accurate 
diagnostic maps which improve the 
subsequent therapeutic outcome. In 
addition, new platforms can be opened 
for the detection of axonal nerve 
endings for applications such as renal 
denervation and the measurement 
of ganglionic plexus activities and 
neuronal cellular matrices. The 
electrical characteristics of the active 
sensor can resolve many of the existing 
problems emanating from the electrode 
technology interface, where the ratio of 
signal magnitude compared to the noise 
impairs the ability of the clinician to 
form an adequate and reliable diagnosis. 
The active sensor array can supplement 
existing technologies used in 
Implantable Cardioverter Defibrillator 
and other implantable devices, 
neuromodulation, and pacemaker 
leads, where the fidelity of the signal is 
essential for its optimal performance.

Electrode technology is limited 
in providing uniform diagnostic 
metrics, and therefore the clinical 
observations provided are oftentimes 
merely anecdotal indications due to 
the current state of the technology. The 
active sensor array, as a model for local 
pre-amplification in supplement to the 
current electrode technology, provides 
many benefits by complementing the 
existing technology when incorporated 
into a single platform. The current 
architecture of leading mapping 
apparatuses such as CARTO™ or 
EnSite®, as well as their tool sets, need 

not be modified as to their generic 
metrics (e.g., bipolar, quadripolar, 
decapolar, balloon, basket), and are 
not altered as the local amplifier and its 
associated circuitry is adopted within 
the existing catheter shaft, rather, 
this novel sensor technology can be 
seamlessly incorporated into the existing 
hardware, and, to the operator, the 
change would be essentially invisible.

REDESIGNING THE ELECTRODE

A  t y p i c a l  f e a t u r e  o f 
electrophysiology (EP) mapping 
catheters in common use is the 
placement of a plurality of electrode 
rings along the length of the distal 
tip of the mapping catheter. These 
electrodes take a series of impedance 
measurements when placed in 
contact with the myocardial tissue 
while navigating along the interior 
surface of the heart and various 
specific points of interest therein.

For mapping, it is desirable to have 
relatively small mapping electrodes. 
It has been found that smaller 
electrodes record more accurate and 
discrete electrograms whereas larger 
electrodes are susceptible to detecting 
both desirable near-field signals and 
undesirable far-field signals. When a 
portion of an electrode is not in contact 
with tissue, it is exposed to blood which 
can propagate far-field electrical signals 
from other regions of the heart. The far-
field signals interfere with the near-field 
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signals, making accurate measurement 
of the near-field signals difficult.

In addition, ring electrodes are 
susceptible to detecting far-field signals 
when the catheter is laid sideways 
against tissue because as half of each 
ring electrode may be out of contact 
with tissue and thus exposed to blood. 
Current full ring electrodes increase 
the surface area of the impedance 
electrode to a disadvantageous extent, 
such that even while a tangential portion 
of its surface may be in contact with the 
myocardial tissue of interest (116 – 130 
Ω), a significant area is also in contact 
with the lower-impedance blood pool (65 
– 90 Ω) constantly flowing through the 
heart. Interference from far-field sources 
through this electrolytic medium 
introduces noise which obscures finer 
levels of detail within the reading 
of the actual tissue being probed.

In developing the Huygens™ 
Catheter, Josh saw that a need existed 
for an electrophysiology catheter with 
electrodes having relatively small surface 
areas and an electrode configuration 
that maximizes tissue contact for more 
accurate measurement of near-field 
activity even when the catheter is laid 
sideways against the myocardial tissue.

To take full advantage of the 
local amplification capability of the 
Huygens™ Catheter, it was desirable 
to reduce the introduction of these 
far-field signals, both at the catheter 

tip, as well as along the length of the 
transmission cable in the catheter itself. 

By directionally limiting the 
contour of a single electrode to a 
segment of the full catheter diameter, 
and thereby reducing its surface to a 
facing area, when placed in contact with 
myocardial tissue the effective contact 
surface area of a single split electrode 
is maximized, while its paired opposite 
electrode may still be in full contact 
with the blood pool. The impedance 
data collected by the contact electrode 
therefore comprises a greater degree 
of direct signal from the tissue being 
studied, while any far-field signals being 
received by the complementing split 
electrode being exposed to the blood can 
be discriminated. The sampling from 
the exposed electrode can be discerned 
apart from the fine-resolution transient 
myocardial signals of interest in the 
10µV range, and further attenuated from 
the locally amplified output by noise 
cancellation filtering capabilities of the 
digital signal processor (DSP) if desired.

A further improvement of the 
Huygens™ Catheter over the existing art 
was the incorporation of semi-circular 
electrodes formed with a flange for 
bonding onto a central spine of a flexible 
printed circuit board (FPC) substrate by 
solder or laser weld, which connected 
them to the local amplification 
circuitry mounted on the FPC. A single 
pair of such split-ring electrodes are 
positioned on opposite sides of the FCP 
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to form a complete circumference of 
the catheter outer diameter, flush with 
the adjacent surface. The Huygens™ 
Catheter consists of a tip electrode and 
a quadripolar (4 electrode rings), with 
two electrode plates per ring, totaling 
nine electrodes reading biopotentials. 

The tip electrode is connected 
directly to the FPC, where the two 
plates of the tip slides are directly 
soldered onto the pads of the FPC. The 
tip electrode is connected to the first 
input of a multiplexer (MUX) which 
serializes the input signals from all 
the electrodes. When the catheter is in 
bipolar mode, the signal from the tip 
electrode is subtracted by either the top 
or bottom of the first ring electrodes.

The pairs of the quadripolar rings 
are distributed evenly just behind the 
tip electrode. The reason each ring is 
divided into top and bottom portion 
is to precisely differentiate the tissue 
wall from the blood. Each electrode 
can perform a unipolar reading, or it 

can combine with adjacent electrode 
to perform bipolar reading. Each ring 
is designed to capture a bioelectrical 
impulse which can then be compared 
to the impulse captured by the other 
electrode rings to provide a precise 
measure of conductivity and position.

• (A) 1st Ring Electrode Bottom – 
When the catheter is in bipolar 
mode, the reading from this 
electrode pairs with the reading 
from the Tip Electrode or the 
2nd Ring Electrode Top, and the 
difference of them is sent to the 
MUX.

• (B)2nd Ring Electrode Top – When 
the catheter is in bipolar mode, the 
reading from this electrode pairs 
with the reading from Tip Electrode, 
and the difference of the two is 
outputted.

• (C)2nd Ring Electrode Bottom – 
When the catheter is in bipolar 
mode, the reading from this 
electrode pairs with the reading 

BIPOLAR ELECTRODE PAIRING
The HUYGENS™ Catheter can not only act as a traditional unipolar mapping catheter, but cn also operate as a bipolar mapping 
catheter where the quad pair ring electrodes work in conjunction with the tip sensor to provide tissue differential mapping data. The 
pairing protocols are described below.

A

B

C

D

E

F

G
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from Tip Electrode, and the 
difference of the two is outputted.

• (D)3rd Ring Electrode Top – When 
the catheter is in bipolar mode, the 
reading from this electrode pairs 
with the reading from 4th Ring 
Electrode Top, and the difference 
of the two is outputted.

• (E)3rd Ring Electrode Bottom – 
When the catheter is in bipolar 
mode, the reading from this 
electrode pairs with the reading 
from 4th Ring Electrode Bottom, 
and the difference of the two is 
outputted.

• (F) 4th Ring Electrode Top – When 
the catheter is in bipolar mode, the 
reading from this electrode pairs 
with the reading from 3rd Ring 
Electrode Top, and the difference 
of the two is outputted.

• (G) 4th Ring Electrode Bottom – 
When the catheter is in bipolar 
mode, the reading from this 
electrode pairs with the reading 
from 3rd Ring Electrode Bottom, 
and the difference of the two is 
outputted.

The stacked height of tip 
electronic components and FPC is 
2mm and the width is 2.5mm. The MCU 
is connected to an analog-to-digital 
converter (ADC), which translates the 
analog signal from the instrumentation 
amplifier (IA). The IA is connected to the 
MUX which serializes the input signals 

from the electrodes. The MUX is coupled 
to the plurality of active electrodes 
on catheter and to the tip electrode.

CATHETER CONTACT FORCE IN 
FORMING AN ELECTROANATOMICAL MAP

The degree of force applied to 
myocardial tissues by the catheter 
tip is an existing concern in various 
EP catheterization procedures, most 
commonly in RF ablation where firm 

contact with the ablation site of interest is 
required to create a lesion with the depth 
needed for full isolation. From a patient 
safety standpoint, force control and 
measurement at the catheter tip is also a 
desirable precautionary feature to regulate 
the application of mechanical pressure 
which can be potentially damaging 
to endocardial structures. Similarly, 
contact force (CF) has significance in 
EP mapping procedures, where there 
is a direct correlation of the degree of 
electrode-tissue contact with the quality 
of the bioelectrical signal detected.

While visualization methods 
are of primary importance during 
such procedures, intuitive navigation 
assistance methods which can improve 

The illustration above shows how regulating Contact 
Force at the catheter tip, up to 10g of applied force is 
optimal for tissue interface.
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physician accuracy and procedural 
efficacy remain a promising potential as 
an augmentation of standard practices. 

Ostensibly, the design of a “smart” 
catheter should incorporate feedback 
from a number of digital sensory 
components with the goal of reducing 
the abstractions of the remotely-guided 
tool, and thereby enhancing the ability 
of the physician to better perceive the 
tool as an extension of their own body in 
performing the most delicate of manual 
tasks. The scalpel, the needle and the 
saw are all tactile, intuitive implements 
compared to a catheter, a remote-
controlled camera or a marionette. To 
bridge the gap between the virtual and 
the intuitive, the Huygens™ Catheter 
is designed with such intention. 

The Huygens™ Catheter features 
a potentiometer-actuated deflection 
control situated in the handle, whereby the 
user can precisely adjust the angle of the 
catheter via a motorized drive governing 
the guide wire. This control system is 
calibrated to the full functional range of 
adjustable deflection. In ideal conditions 
the degree of force on the catheter tip 
might be determined by deflection angle. 
In practice this information by itself 
is an insufficient force measurement 
due to variables in catheter position 
and orientation, and site morphology 
which affect the tension of the catheter 
length supporting the distal tip. 

However, the measurement 
of local impedance provides greater 
insight into catheter-tissue coupling, 

The NKC engineering team has been able to show 
that precision control of the HUYGENS™ Catheter 
can be accomplished by a remote operator utilizing 
a simple haptic joystick control device that allows 
force-feedback response to the catheter operator 
to assist them in being able to remotely “feel” the 
quality of the tissue being contacted to ensure 
proper force is applied for consistent bioelectric 
signal capture while assuring the excessive tissue 
damaging force is not being applied.

In its lab, the NKC engineering team has con-
structed this open-air simulation of a heart 
chamber with strategically placed sensor plates 
containing target sites that would reflect the 
space and positioning an EP surgeon would be 
dealing with in an actual heart mapping proce-
dure. Under manual joystick control, the catheter 
is performing perfectly. The next step will be to 
run these tests with the catheter under the control 
of the Proteus™ Robotic Arm.
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and this information is already at our 
disposal directly. Because of the material 
difference between the impedance of 
myocardial tissue and that of the blood 
pool medium (approx. 130 Ω vs. 90 Ω), 
any recorded signal can be evaluated by a 
corresponding resistance measurement. 
Signals below a desired threshold can 

be selectively squelched, providing a 
complementary data masking channel 
for discriminate signal filtering between 
“hot” localized measurements and 
“cool” proximal measurements which 
are much more susceptible to the 
influence of far-field signals. This extra 
layer of surrogate information can be 

MOVING AT THE SPEED OF LIGHT

COPPER WIRE

FIBER OPTIC

ANALOG ELECTRICAL SIGNAL ATTENUATION OVER DISTANCE

1 2 3 4 5

One of the main issues with traditional EP mapping is the degradation that occurs to the measured signal at the catheter tip 
inside the heart when it is transmitted anywhere from 9’ to 20’ to the receiving computer in the operating room. Not only is 
there signal contamination from other RF sources, but analog electrical signals quickly attenuate, that is they degrade in voltage 
and quality, very quickly over even a distance as short as this. With fiber optic data transmission though, as signal can be sent 
up to 40 miles before signal quality needs to be amplified to maintain integrity; and that signal can be sent at the speed of light. 
With the Huygens™ Catheter, NKC uses fiber-optic data communication to both send and receive between the catheter and the 
mapping station which all but eliminate the issues associated with typical analog signal attenuation.  But just how is data sent 
by light from one end to the other?

1. The small millivolt signal is captured by the catheter electrode and through the amplifier/filter which removes any locally 
captured noise so that the desired signal(s) can be isolated to distinguishable waveforms.

2. The waveforms are converted into a digital data format which are simply packets of bits and bytes consisting of unique 
combinations of ones and zeros.

3. These packets are then synchronistically converted to pulses of light in a Morse code fashion through the fiber optic cable 
where the ones are represented by a pulse of light and the zeros are represented by no light. 

4. At the receiving end of the fibreoptic cable, the pulses of light and darkness are converted back to the digital packets of 
ones and zeros.

5. The mapping software can then read these signal and convert them to spatial point and display them on the monitor.
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feasibly extrapolated for use in visual 
displays, audio enhancements, device 
feedback and control, including those of 
approximate force determination, haptic 
response, and conceivably extensible to 
pseudo-robotic automated functions 
to one familiar with the related arts. 

As the Huygens™ Catheter 
gathers, digitizes and records all signals 
received in addition to parametric data 
about the state of the device itself such as 
degree of deflection and orientation to a 
fiducial reference, this data is indexed to 
a lookup table, permitting various forms 
of detailed analysis including but not 
limited to a correlation of the deflection 
extent from the control potentiometer 
in the handle to the clarity and position 
of the measured impedance from the 
distal electrodes. Real-time comparative 
operations on this matrix yield a 
qualitative assessment of the electrode-
tissue interface at the time of recording 
to provide further indication of optimal 
contact with the target structure.

OPTICAL FIBER COMMUNICATION

In a conventional diagnostic 
catheter, the weak biopotential signals 
picked up by the electrodes in the distal 
tip are amplified in external equipment 
that is separated from the electrodes 
by several feet of wiring. This wiring is 
vulnerable to noise contamination from 
60 Hz power mains and higher frequency 
interference from operating room 

equipment. As a result, signals such as 
complex fractionated atrial electrograms 
with amplitudes in the 10’s of µVpp are 
often buried in this tidal wave of noise. 

Existing intra-cardiac recording 
techniques, while they have served the 
clinician and basic scientists reasonably 
well over the past three to four decades, 
suffer from several inherent limitations.  
By the very nature of utilizing electrodes 
connected by long cables to a distant 
differential amplifier, these systems are 
subject to line noise, ambient EMI, cable 
motion artifacts, and faulty connections. 

Desirable local signals are 
subject to recording of undesirable 
far-field signals, which at times 
r e n d e r  t h e  i n t e r p r e t a t i o n  o f 
c o m p l e x ,  r a p i d  a r r h y t h m i a s 
very difficult, if not impossible. 

The conflation of far-field 
and signals of real interest, such 
as pulmonary vein fiber potentials, 
accessory pathway signals, and slow 
pathway potentials, can sometimes 
be the cause of failed ablations. 
The ability to record local electric 
activity with great precision and to the 
exclusion of far-field signals has always 
been seen as a game-changer for EP. 

Current recording systems 
frequently cannot differentiate low-
amplitude, high-frequency signals 
from background noise. Extremely 
low-amplitude signals, such as those 

52



generated during slow conduction 
within a myocardial scar, are frequently 
missed or lost in the background noise 
when amplifier gain is made sufficiently 
high to attempt to record such signals. 
This is exemplified in the axiom that 
a rising tides lifts all boats. The more 
you amplify the signal you want, the 
more you raise the noise you do not. 

Continuous, low amplitude, 
fractionated high-frequency signals such 
as those frequently seen in the atria of 
patients with chronic atrial fibrillation, 
cannot be further characterized using 
existing recording technologies. These 
signals may contain important biologic 

and electro-physiologic information. For 
example, these signals may represent 
important areas of scarring that are 
responsible for formation of rotors. 
Alternatively, they may be manifesting 
discharges from contiguous epicardial 
parasympathetic ganglionated plexi.

Barbara Hubbard, in the text 
“The World According to Wavelets”, 

expresses the fundamental problem 
of filtering as a method for smoothing 
the wave characteristics employing low-
pass and high pass filtering, and the 
obvious problem of separating the noise 
component from the native signal, which 
is the inability of the system to identify 
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HUYGENS™ CATHETER HANDLE

TWO-WAY COMMUNICATION
The employment of the fiber-optic based communication technology not only provides the Huygens™ Catheter data to be 
uncompromised, but it also provides a steady-state conduit for electrical energy to be sent to the catheter in order to power 
all the chip-based processing that occurs on the FCB. Power and date are both able to flow through the same fiber-optic 
cable by using a laser-based power signal source that is pushed through a dichroic mirror into the fibreoptic cable to the 
FCB. Incoming data in the form of light pulses from the FCB are reflected off the same dichroic mirror to a photo-diode which 
then passes the information to the optical to digital converter and then onto the mapping software.
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HUYGENS™ CATHETER HANDLE

which is which. If we know that a signal 
is smooth, that is, changing slowly, and 
that the noise is fluctuating rapidly, we 
can filter out noise by averaging adjacent 
data to eliminate fluctuations while 
preserving the trend. Noise can also be 
reduced by filtering out high frequencies. 
For smooth signals, which change 
relatively slowly and therefore are mostly 
lower frequency, this will not blur the 
signal too much. However, many signals 
of interest are not smooth; they contain 
high-frequency peaks. Eliminating all 
high frequencies mutilates the message, 
“cutting the daisies along with the weeds,” 
in the words of Victor Wickerhauser 
of Washington University in St. Louis, 
which adequately expresses the main 
drawback of post-processing such signals.

In light of these considerations, 
Josh and the engineering team proposed 
that a further improvement to the existing 
technology could be made with the use of 
optical fiber in place of electrical wiring, 
permitting the signals detected by the 
active sensor array in the catheter tip to be 
converted into an incorruptible “digital 
message” which could then be sent as 
an optical data stream. This data could 
then be transmitted to the user, immune 
to any RF or EMF noise or interference, 
through an optical interface device in the 
bi-directional control handle of the device.

The optical interface used in the 
Huygens™ Catheter provides power to 
the active sensor array in the catheter 
tip and serves to handle data flow to and 

from the catheter. A laser or laser diode 
with about 50mW to 150MW optical 
output is included in the optical interface 
which is then controlled by the DSP.  

Any electrical control signals 
from the computer are communicated 
through the DSP to the laser, where they 
are output as optical or photonic signals, 
and are coupled into the optical fiber. 
Similarly, photonic data on the optical 
fiber then inputs into the optical interface 
and is received by a photo-diode and 
converted into an electrical data signal 
communicated to the DSP, and further to 
the mapping computer. A dichroic mirror 
diverts a portion of the output of the laser 
to the photo-diode for feedback control of 
the laser level. The dichroic filter acts as a 
beam-splitter that transmits 415nm and 
reflects 850nm wavelengths, permitting 
power, control, and data to be transmitted 
simultaneously and bi-directionally. 

The transmitted photonic 
signals from the optical interface are 
communicated through the catheter 
cable to the emitting end of the optical 
fiber which is then directed into a GaN 
LED, such as a Philips Lumileds Luxeon 
Z or an InGaN/GaN light emitting 
diode (LED), and a photo-detector 
(PD). According to the direction of bias 
applied to the LED/PD, it will operate 
either to receive a photonic signal and 
convert it into an electrical replica, 
when biased as a photo-diode or to 
generate a photonic signal in response 
to an electrical input, when biased 
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as an LED. A semiconductor such as 
InGaN/GaN with multiple quantum 
well (QW) structure commonly used for 
light emitting diodes, is employed for 
dual functions of optoelectronic devices 
exhibiting photo-detector properties 
under variable load conditions (bias).

The principle of such a device is 
noted by the fact that optical emission 
resulting from 405 nm selective photo-
excitation of carriers in the InGaN/GaN 
QW active region of the light-emitting 
diode, reveals two recombination 
channels. The first recombination 
channel is the recombination of photo-
excited carriers in the InGaN QWs. 
The second recombination channel is 
formed by carriers that leak out of the 
InGaN QW active region, which in turn 
self-bias the device in forward direction, 
thereby inducing a forward current, and 

subsequently, recombine in the InGaN 
active region in a spatially distributed 
manner. The results indicate dynamic 
carrier transport involving active, 
confinement, and contact regions of the 
device. Thus, one can easily integrate 
photo-detectors with LEDs using the 
same epi-structure to realize a GaN-based 
optoelectronic integrated circuit (OEIC) . 

HAPTIC FEEDBACK

T a c t i l e - r e s p o n s i v e  i n p u t 
devices offer a distinct advantage in a 
demanding environment dominated 
by visual data, enabling the user to 
immediately sense feedback by touch 
without additional clutter in their field 
of vision. Distinguishing elastic tissues 
from more rigid structures, the amount 
of force applied, such as that employed 

Precision control of 
catheter X, Y, Z position 
in 3D space.

Full rotational control of 
catheter tip deflection.

Almost zero-latency between 
operator movement and 
catheter response when used 
with the Proteus™ Robotic Arm. Force feedback response 

informs the operator of tissue 
contact and density. 

HAPTIC CONTROL

55



during percutaneous procedures, 
as well as the defined acquisition of 
tissue interface at the distal tip are all 
concerns within the tactile domain that 
can be communicated to the physician 
with a haptic system. Due to the pliable 
nature of the catheter itself, other haptic 
solutions frequently suffer from common 
limitations, as noted by the existing art: 

The long, flexible nature of 
cardiac catheters that makes them easy 
to maneuver into the body also makes 
them poor at transferring force feedback 
information to the operator. As a catheter 
tool connects with the tissue, the 
contact force is balanced by the catheter 
compliance and frictional losses from 
seals and viscous fluids. By removing 
these limitations and giving the clinicians 
tactile information about the forces at 
the tip of the catheter, a range of new 
diagnostic and interventional procedures 
becomes possible. Haptic feedback also 
increases the information available to 
the clinician beyond what is currently 
provided by x-ray or ultrasound imaging.

The Huygens™ Catheter, when 
used in conjunction with the Huygens™ – 
Proteus™ Robotic Arm Surgical Platform, 
system provides haptic feedback to the 
user in the form of various mild vibration 
patterns produced by a motor-driven 
asymmetrical weight in the handle 
which generates a distinct range of 
tactile “textures” ranging from finer to 
coarser vibrations, conceivably inclusive 
of pattern-like impulses indicative of 

additional channels of tactile data. This 
haptic response system is driven by a real-
time function of the recorded impedance, 
force and parametric device data arrays.

CONCLUSION

With the Huygens™ Catheter, 
NKC has definitively pushed the envelope 
of the current EP mapping art. With its 
advanced sensor-electrode technology, 
its proprietary distal-end signal 
processing and optically transmitted 
data communication, the Huygens™ 
Catheter is poised to provide solutions and 
advances to the EP surgeon, that will have a 
meaningful impact on patient treatment.

The Huygens™ Catheter is the only 
tool in existence today that can measure 
both the DC potential as well as the 
tissue contact impedance (conductivity) 
for the same tissue area. This enables 
the Huygens™ Catheter to employ the   

The equations above show the adaptations Josh 
Shachar made to Maxwell’s second set of time-
varying equations by substituting the magnetic 
energy vector (MEV) with the Poynting Energy 
Vector (P) where we substitute the B terms with the 
impedance measured value Z thereby allowing DC 
potential as well as the tissue contact impedance 
(conductivity) to be measured at the same time for 
the same tissue area.
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second set of time-varying equations, by 
substituting the magnetic energy vector 
(MEV) with the Poynting Energy Vector 
(P) where the B terms are substituted 
with the impedance measured value Z. 
The impedance Z is measured nearly 
simultaneously with the measurement of 
the electric potential E of the heart wave 
using separately sensing electrodes on 
the Huygens™ catheter and sensing and 
signal processing circuitry. Since the E 
and B fields are in temporal quadrature, 
their strengths cannot be simultaneously 
measured, but they can be measured in 
near simultaneity since the sample rate 
of the Huygens™ Catheter is of the order 
of 1 kHz compared to the 1Hz beat rate 
of the heart and the heart wave. Thus, 
an approximate value of the Poynting 
vector, E x B, can be measured at any 
given time, substituting the measured 
impedance Z for a computed value for 
B. This is a derivation that was never 
described in the literature of the causal 
relationship between conduction path 

and fibrillation. The mechanism used to 
describe fibrillation is associated with the 
theory defined under the heading “phase 
singularity” whereby the computer on 
the back-end of the Huygens™ Catheter 
performs a phase study separating normal 
tissue from fibrotic/scar tissue. The 
disclosed technique using the Huygens 
catheter with the algorithm provided 
using Maxwell’s equations distinguishes 
the invention from the existing art.

When coupled with the Proteus™ 
Robotic Arm and the NKC mapping 
and guidance systems as part of the 
Huygens™ – Proteus™ Robotic Arm 
Surgical Platform, the Huygens™ 
Catheter becomes the central key in finally 
providing a potential comprehensive 
standard in EP mapping technology 
for capturing the global dynamics of 
wavefront activation in the human heart 
and other tissues. In doing this, NKC is 
hoping to advance both the diagnostic and 
therapeutic care the physician can provide.
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A  N E W  V I S I O N  F O R 
C AT H E T E R  G U I D A N C E



As discussed in the previous “Navigating the Future of 
Electrophysiology” section of this book, one of the mandates 
in creating Neuro-Kinesis (NKC) was to forward its previous 
technology developments into new systems that would 
meet the challenges of present-day surgical medicine. 

“And the winds and the waves are always 
   on the side of the ablest navigators.”

– Edward Gibbon
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Chief amongst those platforms 
was the pioneering work that had 
been done in robotic-assisted catheter 
guidance under the Magnetecs banner. 
Magnetecs, under the leadership of Josh 
Shachar, created the first computer-
based robotic navigation system for 
EP catheters using magnetic fields to 
advance a catheter effectively inside 
the living human heart for cardiac-
mapping and ablation procedures. The 
system called the Catheter Guidance 
Control and Imaging (CGCI) platform 
had broken new ground on several 
fronts for robotic-assisted catheter 
guidance including the ability to:

• Demonstrate that a catheter 
could be guided using a software-
based computer system to 
control a remote robotic-assisted 
mechanical guidance platform 
instead of the traditional manual 
technique of pushing and pulling 
a catheter by a surgeon’s hand.

• Show that this system could 
produce a viable and ofttimes 
superior cardiac map upon which 
the EP surgeon could effectively 
diagnose their ablation protocols.

• Provide a fully autonomous 
methodology that once the cardiac 
map was created, and targets 
identified, the system could 
repeatably return a catheter to that 
targeted spot on its own.

Through several iterations 
in technology and engineering 

advancements, and three separate 
human trials, the CGCI platform had 
demonstrated a reliable and viable 
advancement for the EP art. Though 
this advancement was groundbreaking 
on many fronts, the downturn in 
the economy in 2015 showed that 
hospitals were reticent to invest the 
millions of dollars the installation and 

maintenance of a dedicated CGCI suite 
required, even though the need for 
better solutions to the growing rate of 
cardiac disease issues like AFib were 
becoming an ever-growing concern. 

With the creation of NKC and 
the assignment of the CGCI IP to the 
company, the challenge became how 
to take the innovations from CGCI and 
revision them for the needs of this new 
era in EP medicine. The needs were 
very plain, how to revision robotic-
assisted catheter guidance to be:

• Lower cost.

• Plug and play installation 
anywhere.
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• Portable.

• Able to interface with both existing 
catheter technology, as well as the 
Huygens™ Catheter.

• Have the ability to integrate with 
current major heart mapping 
technologies.

And to achieve all the above 
without sacrificing any of the advances 
that CGCI brought to catheter guidance, 
and where, if possible, to advance 
and enhance those capabilities.

THE INCREDIBLE SHRINKING MACHINE

Since it became clear that the 
new system had to be portable as well 
as plug-and-play, the system would not 
only have to be very small compared to 

CGCI, but that control of the catheter 
tip would have to move from using large 
magnetic fields surrounding a patient 
that could pull a catheter inside the body 
to one that could augment and automate 
the existing manual process of an EP 
surgeon pushing a catheter into place 
from outside the body. CGCI offered 
the distinct advantage that navigational 
force was being applied at the tip to move 
it with fine-grain efficiency. By moving 
the guidance back to the proximal end 
of the catheter, the problem was how 
could precision movement translate 
from a mechanical system at the end of 
a 6’ foot long wire to the other end of that 
wire in all degrees of movement needed 
to circumnavigate the area of interest, 
in this case, the heart. Anyone who has 
ever tried to thread a needle understands 

The PROTEUS Robotic Arm represents over two decades of innovation in robotic-assisted catheter guidance for the EP 
marketplace. Beginning with the achievements made with the CGCI platform, which proved the feasibility and reliability for 
an advanced catheter guidance technology, the NKC engineering team have been able to take the capabilities of the 9-ton 

CGCI and reduce it down to a portable plug-and-play system the size of a shoe box that 
can deliver all the benefits of robotic-assisted catheter guidance while also bringing 

complete autonomous guidance which makes catheter-based operations more efficient 
by shortening duration and providing precision accuracy not possible by manual 

guidance alone.



the difficulty in getting such precision 
targeting and movement accomplished.

For Josh and the team, the 
answer became clear that to overcome 
this barrier there would have to be 
innovation in not just the creation of 
an electromechanical device capable of 
manipulating a catheter, but one that 
could interpret and execute an interplay 
between the information coming from 
the catheter, the imaging systems, the 
mapping software and the real-time 
decisions for movement coming from 
the EP surgeon. This new system would 
have to in essence be able to “dance” with 
all these partners to move and position 
the catheter exactly where it needed to go.

The result was the Proteus™ 
Robotic Arm which in essence reduced 
CGCI from a 9-ton structure to a 9kg 
device that could be held in one hand. 

The electro-mechanical aspect 
of the Proteus™ Robotic Arm proved 

challenging only in that servo motors 
that could provide catheter movement 
had to be miniaturized to be able to fit 
the footprint of the planned platform as 
well as to be medically durable and safe 
to meet the regulatory standards for such 
a device in an operating theater. To meet 
this need, the engineers integrated three 
separate drive mechanisms to move a 
catheter inside the patient’s body. The 
first was a rotation drive, which would 
be able to rotate the catheter in either a 
clockwise or counterclockwise direction 
through 180 degrees. The second was 
a translation drive that would move 
the catheter forward or backward up 
to 50mm in either direction and finally 
a deflection drive that would allow 
the tip of the catheter to be bent at an 
angle. Each of these motors allowed for 
a variable speed proportional response 
based on the input from the steering 
device, either the haptic joystick in 
the surgeon’s hand or the computer-
controlled navigation software, in as fine 

PRECISION STEERING
The PROTEUS™ Robotic Arm incorporates three independent drive systems that provide precise control of the catheter tip 
inside the heart chamber. Whether in robotic-assisted manual operation or full autonomous mode, the PROTEUS™ is able to 
maneuver the catheter with a level of accuracy far superior to current technologies.

TRANSLATION DRIVE
Control of the forward and 
reverse position of the catheter 
in a 50 mm range.

ROTATION DRIVE
Control of the rotation of the catheter 
tip 360o in either a clockwise or 
counterclockwise direction.

DEFLECTION DRIVE
Control of the deflection of 
the catheter tip up to 70o 
from center.

00

+70+700

-70-700
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grain an advancement as small as 1.5mm 
at a speed of up to 10mm per second.

DESIGNING A STEERING WHEEL FOR 
EP CATHETERS

With the mechanical movement 
issue solved, the next step was to 
provide the mechanical interface that 
would translate these motions to the 
Huygens™ Catheter. In current EP 
procedures, the EP mapping catheters 
are connected to a steering device to 
allow them to execute these movements. 
The steering devices are basically a 
handle that fits in a surgeon’s hand. 
To advance a catheter forward or 
backward, the surgeon either pushes 
or pulls the handle into or out of the 
patient’s body. To rotate the catheter, 
he twists their hand in the direction 
they want to rotate. To deflect the tip, 
the handle will have either a movable 
ring or a slider that when manipulated 
will pull on guide wires in the catheter, 
causing the tip to bend to whatever 
degree of deflection the surgeon wants.

Josh and the engineering 
team set out to devise its version of 
the catheter steering device for its 
Huygens™ Catheter. In creating this, 
the team had three goals in mind:

1. 1. To make a handle that could 
serve the EP surgeon as any 
traditional manual handle could.

2. 2. To make the handle easily fit 
into and be maneuverable by the 

H U Y G E N S™CATHETER
HANDLE

The HUYGENS™ Catheter Handle was designed to work 
specifically with the HUYGENS™ Catheter and the PROTEUS™ 
Robotic Arm to provide the interface between the catheter’s 
FCB data and processing systems and the NKC Mapping 
Station. In addition all power transfer is handed through the 
handle. The handle can operate as a typical manual catheter 
steering device but can then be easily locked into the 
PROTEUS™ Robotic Arm for robotic control. 

CATHETER INTEGRATION
The HUYGENS™ Catheter seamlessly 
integrates into the handle for secure 
guidance and data/power transmission.

DEFLECTION RING
Control of the catheter tip deflection can 
be manually controlled by turning the 
defection ring or it can be controlled by 
the deflection drive in the PROTEUS™ 
Robotic Arm.

ERGONOMIC DESIGN
The handle design was ergonomically 
designed to be similar to the shape 
of standard steering handles that EP 
surgeons are familiar with in order 
to allow for immediate comfort and 
confidence when using the system.

PROTEUS™ INTEGRATION
The design also provides an ability for 
the EP surgeon to quickly be able to 
insert the handle into the PROTEUS™ 
Robotic Arm to initiate robotic-assisted 
guidance.

DATA/POWER INTERFACE
Connections on the distal end of the 
handle allow for the attachment of the 
optical data and power communication 
cables to be secured.
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Proteus™ Robotic Arm.

3. 3. To allow the Huygens™ 
Catheter’s electronic and optical 
communications to be relayed 
between the electrode tip and the 
mapping computer.

After  several  paths were 
considered, the team settled on the core 
design and begin prototype building 
and testing a working model. Called 
the Huygens™ Catheter Handle, the 
device was ergonomically designed 
to fit comfortably into a surgeon’s 
hand for manual control of both 
rotation and translation movements. 
A circular ring at the end of the handle 
allows for standard tip deflection 
to be easily performed by twisting it 
either clockwise or counterclockwise. 
Grooves in the deflection ring interlock 
with the deflection drive mechanism 
on the Proteus™ for robotic control, 
and the entire handle slips easily into 
and out of the robotic arm to facilitate 
simple switching between manual and 
robotic guidance. Serialized data ports 
at the backside of the handle allow for 
the Huygens™ Catheter’s power and 
communication cable to be attached. 

THE HUYGENS™ / PROTEUS™ 
ROBOTIC ARM SURGICAL PLATFORM

The next part of development 
for the team was to visualize and 
build the operator station where 
navigation control could be carried 
out, mapping data processed and 

displayed, and patient biometrics 
from ancillary equipment such as 
X-ray, EKG, and fluoroscopy could be 
monitored. This suite of systems had 
to work together to provide the EP 
surgeon with the tools needed for the 
successful diagnostic mapping, the 
ablation point strategy development, 
and then the actual ablation procedure.

For the Huygens™ / Proteus™ 
Robotic Arm Surgical Platform, the 
NKC Control Suite is command central 
for the entire system. The Control Suite 
consists of three separate stations that 
are all networked together to work 
together for gathering information, 
correlating data, and effecting catheter 
guidance for both the diagnostic 
mapping and the RF ablation.

Station One – Navigation

Robotic-assisted and autonomous 
navigation is carried out at this location. 
The operating physician can see real-
time high-resolution displays of the 
3D heart map as it is being created by 
the mapping station, as well as to see 
live fluoroscopy images, and monitor 
patient biometrics such as EKG, pulse 
rate, O2 saturation, and other vitals. The 
surgeon can control the movement of 
the Huygens™ Catheter via an advanced 
haptic controller, which translates 
any of the surgeon’s commands into 
immediate movement with virtually no 
latency between command and action. 
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The surgeon can see in real-
time an animation of the catheter tip 
as it moves inside the heart and the 
catheter tip’s sensors provide sensory 
feedback to the haptic control allowing 
the surgeon to “feel” the endocardial 
tissue as the catheter is moved about. 

Station Two – Mapping

The NKC Mapping Station 
consists of a dedicated mapping system 
specifically designed for creating 
electro-cardio maps of the heart. For 
the Huygens™ / Proteus™ Robotic 
Arm Surgical Platform, NKC partnered 
with Abbott Laboratories and St. Jude 
Medical to license the use of their 
EnSite NavX EP mapping system. The 
EnSite NavX EP mapping system is 
considered to be one of the highest 
performing systems on the market 
today and is recognized as an industry 
standard for its ability to deliver high-
resolution 3D anatomical and substrate 
maps with precision and rapidity that 
rivals other available technologies. 

The mapping system takes the 
data being generated by the Huygens™ 
Catheter and converts it into a visual 

representation of both the internal 
topography of the heart chamber as 
well as the impedance bioconductivity 
of the tissue of each point measured. The 
biopotential of the tissue is color coded 
on the map to represent the electrical 
viability of the tissue. Tissue that is 
healthy and conductive will generally 
appear in the blue and green spectrum 
whereas tissue that is less viable or 
non-conductive, such as scar tissue, 
will appear in the orange to the red 
color spectrum. Colors between these 
extremes indicate tissue in varying states 
of healthy electrical bio-conductive 
states. This is much like a topographic 
map one might see to determine 
elevations on a terrain, where red and 
orange would indicate high elevations 
that would be difficult to transverse 
in a car but blue and green would 
indicate an easily drivable valley floor.

As each data point is measured 
and displayed, the corresponding 
information on its physical position 
in 3D space, and its position in 
relation to major components of 
the chamber, such as the aorta, the 
pulmonary vein, and the mitral valve, 
in the case of the right atrium, as well 

The illustration on the previous page shows how communication, power and data is managed in the NKC 
Huygens™ – Proteus™ Robotic Arm Surgical Platform. The ability to connect the various independent systems 
and have them talk to each other with zero latency between EP surgeon or controller input and device input/
output is a herculean task that is managed by the NKC Programmable Logic Controller (PLC). The PLC acts 
a virtual traffic cop, air-traffic controller and judge in determining what signals go where and to which 
outputs and if a command request, data packet, output value is accurate and can be acted upon or should be 
dismissed. The PLC conducts this millions of times over and over again to ensure the orchestra that is the NKC 
Huygens™ – Proteus™ Robotic Arm Surgical Platform performs its symphony perfectly, every time.
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as the bioconductivity of the tissue, 
are all stored and are accessible to 
the surgeon at the Navigation Station.

Station Three – Programmable Logic 
Controller

The Programmable Logic 
Controller (PLC) is the central hub 
for the entire Huygens™ / Proteus™ 
Robotic Arm Surgical Platform. The 
PLC is an industrialized computer that 
can receive data through its inputs and 
send operating instructions through 
its outputs. Fundamentally, a PLC’s 
job is to control a system’s functions 
using the internal logic programmed 
into it. The PLC takes in information, 
whether from automated data capture 
points or human input points such as 
switches or buttons and then, based on 
its programming, the PLC then decides 
whether or not to change the output. 
A PLC’s outputs can control a huge 
variety of equipment, including motors, 
solenoid valves, lights, switchgear, 
safety shut-offs, and many others.

For the Huygens™ / Proteus™ 
Robotic Arm Surgical Platform, the PLC 
takes the sensory input information 
being sent from the Huygens™ Catheter 
through the optical data stream and 
converts it into a machine code that is 
readable by the EnSite Mapping station, 
and outputs that digital data to the 
mapping processor. Once processed 
by the EnSite mapping computer, that 
information is fed back to the PLC 

and sent to the navigation display at 
the Navigation Station. Navigation 
movements by the EP surgeon are then 
sent to the PLC where they are translated 
into a separate machine code and then 
relayed to the computer control on the 
Proteus™ Robotic Arm, which in turn, 
executes the movement. That movement 
is registered by both the catheter and the 
telemetry electrodes on the patient and 
the new position coordinates and tissue 
measurements are returned back to the 
PLC. This cycle happens in a fraction of a 
second and it is all controlled by the PLC. 

Thus, the PLC acts as a Universal 
Translator, which as one might recall 
from the Star Trek series, enables the 
communication between all the separate 
machines and systems, each of whom 
speak a different language, to be able to 
communicate and work together. In this 
case, the PLC acts as the traffic controller 
for the Huygens™ / Proteus™ Robotic 
Arm Surgical Platform functions to move 
communication between the Huygens™ 
Catheter, the Proteus™ Robotic Arm, 
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the EnSite Mapping system, and the 
navigation controls. But as the PLC can 
handle most any type of input and output 
and provide data syncing and control, 
future hopes for the NKC PLC are to 
integrate every portion of the EP Operating 
room into a single unified control hub 
to include imaging system control, 
respiratory systems, and even patient 
bed operation and room lighting control.

With the entire system in place, 
Josh and the engineering team began 
integrating all the separate components 
into a working platform and began 
its initial base testing and protocol 
standardization development. The team 
was successful in its vision of taking 
the multi-million dollar 9-ton CGCI 
system and its early pioneering in the 
MOSFET catheter technology to create 
a shoe-box sized 9 kg robotic navigation 
controller that could effectively steer and 
control the movement of its next-gen 
Huygens™ Catheter inside the living 
dynamic of the human body to provide 
the EP surgeon a tool-set that could take 
their healing art to new levels of care.

The last component of the 
technology platform that remained 
to be integrated was the advances 
the early Magnetecs team had made 
in robotic-assisted AI control of the 
catheter for autonomous control 
for maneuvering the catheter. 
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rotations.



A R T I F I C I A L  I N T E L L I G E N C E 
AND MACHINE LEARNING FOR 
ELECTROPHYSIOLOGY

Artificial intelligence (AI) refers 
to the machine-based data processing 
to achieve objectives that typically 
require human cognitive function. In 
the modern era, AI has mined dense 
data and provided the potential to 
classify complex patterns and novel 
representations of data beyond direct 
human interpretation. Machine 
learning (ML) is a sub-discipline of 
AI and employs algorithms to learn 
patterns empirically from data. ML 
extends the range of traditional 
statistics because it can identify 
nonlinear relationships and high-
order interactions between multiple 
variables that may be challenging for 
traditional statistics. Deep learning 
(DL) has emerged as a powerful ML 
approach that leverages large datasets 
and recent increases in computational 
power to make efficient decisions on 
complex data. The successes of ML and 
DL in diverse disciplines, ranging from 
language processing, gaming, computer 
vision, engineering, industrial, and 
scientific arenas, have led to increasing 
public awareness of the promise 
of AI across multiple facets of life.

AI is not a new concept in cardiac 
electrophysiology, with automated ECG 
interpretation existing since the 1970s. 
However, with the relatively recent 
development of large electronic databases 

where data has been generated and can 
be shared, innovations in algorithms, 
software tools, and hardware capabilities 
are rapidly transforming the role of AI 
in cardiovascular imaging and cardiac 
electrophysiology. AI tools have shown 
promise in automating and assisting 
disease diagnosis, and tools are now being 
developed to enhance the prediction 
of disease prognosis and response 
to therapeutics and provide a novel 
characterization of health and disease.

AI DATA INTERPRETATION

AI interpretation of data requires 
input data to be structured as feature 
vectors. A feature refers to a quantifiable 
property of the input data. Features 
are assembled into feature vectors to 
mathematically represent the input data 
and are subsequently computationally 
processed by ML algorithms. Features 
are inclusive of a wide variety of data. 
In their simplest form, features are 
minimally processed from the original 
data, such as clinical variables stored 
in the electronic medical record (EMR). 
In traditional ML studies that do not 
use Deep Learning (DL), handcrafted 
features are engineered by humans to 
measure specific, relevant attributes of 
the data. For example, in early attempts 
to automate ECG interpretation, typical 
features consisted of coefficients of 
mathematical representations of ECG 
waveform morphology. Meanwhile, 
modern DL approaches are capable of 
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automatically computing and selecting 
relevant features from raw input data.

DEEP LEARNING

DL is a powerful subtype of ML and 
has shown state-of-the-art performance 

in speech recognition, computer vision, 
and image/video processing, game-
playing, and medical diagnosis. When 
compared with traditional supervised 
ML, the ultimate strength of DL is that it 
is a powerful, flexible way of representing 
complex raw input data that does not 

UNDERSTANDING AI, ML, NN and DL
Understanding Artificial Intelligence (AI) and its subsets of Machine Learning (ML), Neural Networks (NN) and Deep Learning (DL), can 
take a lifetime of dedicated study, and yet we work with and use each of these on a daily basis in our interactions with almost any 
electronic device. In short, AI can be described as the field of bringing intelligent data-processing to a problem in order to get a correct 
solution. At its most simple level AI takes an input, processes it through a defined algorithmic set of rules which is then able to produce 
a desired correct output.  As the illustration below shows, here an input about the state of the weather is being made from a variety of 
sources. Note the input is not presented exactly the same. The AI algorithm though is able to filter out the similar key words, weigh the 
meaning and intent and determine that is being asked to output information on the weather. Also note that the output, though supplying 
the correct information, is not restricted to just a single type of response but can vary it depending on other criteria. Hence the data 
processing is exhibiting a human-type response exhibiting AI.

What is the
temperature 

outside?

How cold is it?

What’s the 
weather like 

today?

It is 78O 
outside.

The 
temperature  
is currently  

78O

It is currently 
78O and there is 
a 30% chance of 

rain by this
 evening

INPUT OUTPUT

A
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Machine Learning is a subset of AI which describes the tools and 
processes of building more complex algorithms that are able to 
take input and process it through several filter nodes. These nodes 
comprise a Neural Network (NN) which allows the input data to be 
analyzed, weighed as to it various levels of importance and then make 
decisions on an output response.  In combining these more complex 
algorithms with NN filtering, the system is actually able to learn on its 
own how to respond and act.

ML IN FACIAL RECOGNITION
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Deep Learning is a further subset of AI and ML in which the complexity 
of the inputs, neural networks and potential outputs are multiplied and 
layered in a way in which far greater interaction and processing can 
be done in order to produce solutions or actions which require a much 
higher level of deductive and inductive reasoning to be performed. 
Deep learning systems also have a higher degree of self-learning and 
adaptability as more data and repartition of actions are performed. 
Examples of practical Deep Learning systems can be found in 
translation software, service chat-bots, autonomous vehicles, and 
fraud detection.

IN
P

U
TS

O
U

TP
U

TS

NEURAL NETWORK

70



require manual feature engineering. 
For example, in the problem of 
automated ECG interpretation, early 
traditional supervised ML studies 
relied on human-defined ECG 
features. Meanwhile, a modern DL 
model learned patterns within raw 
ECGs to diagnose sinus rhythm and 
multiple other arrhythmias, with 
performance similar to cardiologists.

COMPUTATIONAL MODELING AND ML 
TO STUDY AF

The explosion of mapping 
and imaging in AF patients provides 
increasingly detailed data that could be 
used by AI to classify AF and personalize 
therapy for patients. In studies of 
computer models derived from 
magnetic resonance images (MRI) of 
left atrial geometry in AF patients, ML of 
spatial atrial fibrosis patterns predicted 
sites of AF drivers that were unaffected 
by ablation.  In separate work, ML has 
been shown to potentially clarify the 
controversial field of AF mapping.

A major unmet need in EP is 
to reduce ambiguity in mapped AF 
patterns because current AF mapping 
systems require operator interpretation 
by automatically identifying ablation 
targets. Deep convolutional neural 
networks were recently trained on 
175 000 AF maps from 35 patients to 
identify potential sites for ablation, 
including termination sites of persistent 
AF, and provided an accuracy of 95%.

Computer modeling of AF is 
becoming more complex with the 
advancement of cell-level, tissue-level, 
and organ-level models. These models 
have provided crucial insights into the 
relationships driving AF including the 
nature of automatic and rotational foci, 
the role of fibrosis, and the effect of 
channel types. ML may prove a useful 
tool in integrating the significant 
high-dimensional data produced by 
computer modeling. Possibilities 
include the definition of phenotypes 
using UL or the prediction of AF rotors 
based on patient-specific attributes, 
thus guiding ablation strategy using SL.

AI AND THE HUYGENS™ / PROTEUS™ 
ROBOTIC ARM SURGICAL PLATFORM

As has been mentioned, current 
mapping is dependent upon the EP 
surgeon advancing a catheter manually 
along as many points of contact inside 
the tissue of interest, in this case, the 
chamber of a heart, to create the “map”. 
Manually doing this is much like taking 
a snapshot of a landscape in front of 
you, turning 90 degrees, and taking 
another, and another until you have 
captured four images of the landscape 
in front of you. When placed side by side, 
you would now have a pretty good idea 
of what the terrain looked like around 
you but you would not be sure what 
the terrain actually was between those 
90-degree shots. You could extrapolate 
out what you think would be there to 
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fill in the gaps and this would help in 
getting a clearer picture, but you would 
just be guessing what was there based on 
what you knew surrounded the missing 
space. This is exactly what current heart 

mapping systems do, they take the data 
points the EP surgeon can provide via 
manual manipulation of the catheter 
and record those points as a visual 
representation, Where the EP surgeon 

BRINGING  BRAINS TO THE  HEART

Currently an EP surgeon must manually maneuver a catheter 
inside a patient’s heart chamber to take a measurement which 
generates a point on the mapping software. As a result of the 
manual nature of this process, the software must interpolate the 
points “between” the actual measurements resulting in a map that 
requires more interpretation and experiential guesswork on the 
part of the surgeon to determine where ablation needs to occur.

With the Huygens™ / Proteus™ system, only major cardinal points 
inside the heart chamber need to be captured. After that the 
computer’s AI is able to build a grid map of the interior surface 
and the Proteus™ can then autonomously navigate the catheter 
to measure all the “in between points to generate a more accurate 
data-driven map of the chamber for the EP surgeon to work with. 

Bioelectric measurements are made by manually 
moving a catheter around the chamber. This 
process is subject to many points being missed. 

The mapping software must interpolate any 
missing spaces resulting in that can be more 
interpretive then actual. 

The Huygens™/Proteus™ system only needs to 
manually capture the major surface points in the 
heart chamber. 

The software can then build an intelligent grid of 
the heart chamber and autonomously navigate 
the catheter to capture all the data-points in 
between.

The result is much higher resolution heart map 
based on actual bioelectric information upon 
which the EP surgeon can build an ablation plan.

TRADITIONAL
MAPPING

Huygens™ / 
Proteus™
MAPPING
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is not able to capture data, the machine 
uses its AI to “fill-in” the missing data.

Now, what if you took your same 
camera and put it on a robotic-controlled 
tripod. You then took those same four 
pictures at 90 degree increments to 
establish a 360-degree panoramic 
field of interest. You then returned the 
camera to its starting point and told the 
robotic control to now take a snapshot 
at every degree point not captured yet 
in the circle. The camera then advances 
to the 1o mark, takes and picture 
and advances to the 2o mark, takes a 
picture and so and so on until you now 
have shot 360 images of the terrain of 
interest you wanted to map. How much 
more accurate would that map be?

This intelligent “grid-mapping” 
ability is part of what sets the Huygens™ 
/ Proteus™ Robotic Arm Surgical 
Platform apart from any other system on 
the market today. With the Huygens™ 
/ Proteus™ Robotic Arm Surgical 
Platform, the EP surgeon can set all 
their cardinal mapping points into the 
system via the initial manual mapping 
of the heart chamber. Once the points 

are established, the Huygens™ Catheter 
Handle is placed inside the Proteus™ 
Robotic Arm, where the surgeon 
is then able to define the mapping 
quadrants they want to be captured at 
the Navigation Station. This program 
is then initiated and the Proteus™ 
uses its proprietary AI programming 
to robotically move the catheter along 
the coordinates defined in 1.5mm 
advances of rotation, translation, and 
deflection to create a comprehensive 
grid map of the entire heart chamber, 
thereby giving the EP surgeon not just 
an approximation of the geography, 
but a detailed and complete map of the 
area. Because of the Huygens™ ability 
to capture bio-tissue measurements 
with much greater fidelity, not only is 
the resulting map more complete, but 
the detail is 200 better in resolution 
and information than any mapping 
system can currently provide.

In addition to this autonomous 
grid-mapping capability, the Huygens™ 
/ Proteus™ Robotic Arm Surgical 
Platform robotic-assisted AI can also 
be used to execute exacting ablation 

THE FUTURE OF EP AND AI
The vision of NKC is to expand the potential of AI and Deep Learning 
in its Huygens™/Proteus™ systems to encompass on ability for 
the system to incorporate cloud-driven Big Data generated by its 
systems to help in developing better predictive interpretation of the 
bio-measurements being made so that the EP surgeon can better 
determine course of action. By being able to have a database that can 
compare historical bioelectric measurements, to ablation procedures, 
to effectiveness results, and analyze this against a specific patient’s 
records, the Huygens™/Proteus™ system will be able to better 
interpret the signals it captures and to make recommendations based 
on a customized heart map for each patient.

PATIENT
RECORD

GLOBAL
EP DATA

NKC
HUYGENS™
PROTEUS™
DATABASE

HUYGENS™ CAPTURE

HUYGENS™ CAPTURE
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procedures. Once the detailed heart map 
is complete, the EP surgeon can draw 
their ablation points directly onto the 
navigation map. Ablation points generally 
consist of straight lines, small arcs, or 
circles. Once defined, an ablation catheter 
is inserted into the heart chamber where 
it uses RF energy to essentially burn the 
tissue along the ablation point to create 
a scar. These scars allow an EP surgeon to 
create new paths for the bioelectric energy 
used to control the pacing of the heart 
rhythm to be restored to normal function. 

In traditional EP ablation 
procedures, the surgeon has to manually 
re-advance the ablation catheter back 
into the heart chamber. Then using their 
ablation map overlay on the heart map, 
along with monitoring the fluoroscopy 
imaging, they must manually move 
the ablation catheter to a start point, 
engage the RF energy, and carefully 
transverse their ablation path by hand.

With the Huygens™ / Proteus™ 
Robotic Arm Surgical Platform, the 
surgeon simply inserts the ablation 
catheter into the heart chamber and 
moves the tip to known navigation 
coordinate to sync the catheter position 
to the navigation system. At that point, 
the surgeon can engage the ablation 
routine and the system will autonomously 
advance the catheter to the first ablation 
point, perform the ablation, and then 
automatically advance to each additional 
ablation point, thereby shortening the 

procedure time while delivering a higher 
accuracy positioning of the ablations.

If desired, the robotic-assisted AI 
of the Huygens™ / Proteus™ Robotic 
Arm Surgical Platform also allows the 
EP surgeon to quickly remap the heart 
chamber after an ablation procedure to see 
how the ablation worked in restoring bio-
tissue conductivity for proper pacing. If 
any abnormalities remain, the EP surgeon 
can simply refine the ablation points 
to fine-tune their corrective procedure.

MOVING FORWARD

At the time of this publication, NKC 
has completed all of its proof-of-concept-
engineering, and prototype development 
and is now in production of the Proteus™ 
Robotic Arm and the Huygens™ / 
Proteus™ Robotic Arm Surgical Platform 
in preparation for its initial animal trials 
of the Huygens™ Catheter. This will be 
followed by clinical testing of the entire 
system as it pursues FDA clearance and 
then CE mark certification for its catheter 
mapping and guidance technology.

With the entry of the Huygens™ 
/ Proteus™ Robotic Arm Surgical 
Platform, NKC is opening the world of 
EP cure to new vistas of possibilities. 
The Proteus™ Robotic Arm and 
the Huygens™ / Proteus™ Robotic 
Arm Surgical Platform prove that 
dreams do come true. Sometimes, 
one just needs to dream smaller.
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Method And Apparatus For Measuring Biopotential And Mapping 
Ephaptic Coupling Employing A Catheter With MOSFET Sensor Array

U.S. Patent Office Filings For:
Apparatus for Magnetically Deployable Catheter

with MOSFET Sensor and Method for 
Mapping and Ablation
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ABSTRACT 
An electrophysiology catheter includes: a catheter with a 
movable catheter tip; electrodes provided on or in an elec
trode region in a most distal portion of the catheter tip; 
sensing and amplification circuitry communicated with the 
electrodes, the sensing and amplification circuitry commu
nicated with digitizing circuitry disposed in a circuitry 
region in a least distal portion of the catheter tip for locally 
sensing tissue-based electrophysiological signals and for 
bidirectionally communicating digital data signals to and 
from the circuitry; a flexible bending region of the catheter 
tip between the most and least distal portions of the catheter 
tip; a flexible sheath communicated to the sensing and 
amplification circuitry and digitizing circuitry for transmis
sion of signals thereon; and a handle communicated with the 
sheath for bidirectionally communicating signals through 
the sheath between the catheter tip and external mapping 
station, and for controlling movement of the catheter tip. 
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THE USE OF LOCAL AMPLIFIERS AND A HUYGENS SENSOR ARRAY IN 

MEASURING BIOELECTRIC SIGNALS AND  

CLINICAL APPLICATIONS THEREOF 

 

[01] Related Applications 

[02] This application is a continuation in part and claims priority to, and the benefit of the earlier filing 

date of ROBOTICALLY CONTROLLED ELECTROPHYSIOLOGY CATHETER WITH CLOSED LOOP 

CONTROL, PCT Pat. Appl. PCT/US22/30399, filed May 20, 2022, incorporated herein by reference and A 

CATHETER FOR CARDIAC AND RENAL NERVE SENSING AND MEDIATION, U.S. Pat. Appl. 

17/468,460, filed Sept. 7, 2021, incorporated herein by reference pursuant to 35 USC 120. 

 

[03] Background 

 

[04] Field of the Technology 

[05] The invention relates to the field of electrophysiological mapping methods using a catheter with 

capabilities of measuring impedance and local native biometric signals and employing such signals with a method 

that identify a “phase singularity” within the electroanatomical space and its dynamics. 

 

[06] Description of the Prior Art 

[07] Tissue electrode interface is common to all forms of biopotential recording (e.g., ECG, EMG, EEG) 

and functional electrical stimulation (e.g., pacemaker, cochlear implant, deep brain stimulation).  The 

disclosed technology employs local amplification by means of a Huygens™ catheter (a trademark of 

Neurokinesis Corp., Inglewood, California) at the bioelectric site, which demonstrates substantial reduction 

in signal-to-noise ratio (SNR), while improving spurious-free dynamic range (SFDR).  Details of the 

Huygens catheter as provided by U.S. Pat. Applications (PHA3.PAU.57A) ROBOTICALLY 

CONTROLLED ELECTROPHYSIOLOGY CATHETER WITH CLOSED LOOP CONTROL, PCT Pat. 

Appl. PCT/US22/30399, incorporated herein by reference and A CATHETER FOR CARDIAC AND 

RENAL NERVE SENSING AND MEDIATION, U.S. Pat. Appl. 17/468,460, filed Sept. 7, 2021, 

incorporated herein by reference.   

[08] The problem to be solved is how to identify the arrhythmogenic cause of fibrillation, which the 

Huygens catheter is capable of doing by measuring the impedance value of the tissue, in order to create an actual 

measure of the anisotropic wave propagation.  
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[09] The current art of electrophysiology mapping techniques and its applications is detailed and 

described by a review paper by Li et al in Physiol., 21 July 2020 “Standardizing Single-Frame Phase Singularity 

Identification Algorithms and Parameters in Phase Mapping During Human Atrial Fibrillation”, stating that 

“Recent investigations failed to reproduce the positive rotor-guided ablation outcomes shown by initial studies for 

treating persistent atrial fibrillation (persAF). Phase singularity (PS) is an important feature for AF driver 

detection, but algorithms for automated PS identification differ.” 

[10] The authors conclude that “In the present study, we demonstrate that automated Phase Singularity 

detection – and consequently persAF ablation target identification – vary significantly for the same individual, 

depending on the method being used and parameters being applied. The present study represents a step toward a 

unified definition/algorithm of phase-derived PS detection with standardized gradient and spatial thresholds, 

which is essential to allow objective comparisons of outcomes of rotor ablation for persAF therapy among 

different research/clinical centers.” 

[11] As noted by Li et al in a comprehensive monograph noted above, in which the authors’ process of 

obtaining the spatial coordinates of the PS is based on mathematical-statistical methods where a computational 

algorithm is capable of sorting the locus of the rotor generator focal position of the electrical activity by 

employing a “2048-channel virtual electrogram (VEGM) and electrocardiogram signals were collected for 30 s 

from 10 patients undergoing persAF ablation. QRST-subtraction was performed and virtual electrogram EGMs 

were processed using sinusoidal wavelet reconstruction. The phase was obtained using Hilbert transform. PSs 

were detected using four algorithms: (1) two dimensional image processing based and neighbor-indexing 

algorithm; (2) three dimensional neighbor-indexing algorithm; (3) two dimensional kernel convolutional 

algorithm estimating topological charge; and (4) topological charge estimation on a three dimensional mesh. PS 

annotations were compared using a structural similarity index (SSIM) and Pearson’s correlation coefficient 

(CORR). Optimized parameters to improve detection accuracy were found for all four algorithms using Fβ score 

and 10-fold cross-validation compared with manual annotation. Local clustering with density-based spatial 

clustering of applications with noise was proposed to improve algorithms 3 and 4.”  

[12] It is clear from the four methods proposed and its data acquisition modes by which the 

identification of the Phase Singularity is obtained are highly depended on the complex and subjective selections 

of parameters which in turn are subjected to the “Fβ score” analysis, due to assignments of non-symmetric 

preferences of some of the parameters relative value in assessing the locus of the Phase Singularity. 

[13] The differentiation between atrial flutter and atrial fibrillation in a location where such 

phenomenon occurs is another source of error which add to the identification of Phase Singularity.  

[14] Our application teaches an apparatus and method for the identification of the locus associated with 

atrial fibrillation by the use of the Huygens catheter and its ability to measure with near real-time the impedance 
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“Recent investigations failed to reproduce the positive rotor-guided ablation outcomes shown by initial studies for 

treating persistent atrial fibrillation (persAF). Phase singularity (PS) is an important feature for AF driver 

detection, but algorithms for automated PS identification differ.” 

[10] The authors conclude that “In the present study, we demonstrate that automated Phase Singularity 

detection – and consequently persAF ablation target identification – vary significantly for the same individual, 

depending on the method being used and parameters being applied. The present study represents a step toward a 

unified definition/algorithm of phase-derived PS detection with standardized gradient and spatial thresholds, 

which is essential to allow objective comparisons of outcomes of rotor ablation for persAF therapy among 

different research/clinical centers.” 

[11] As noted by Li et al in a comprehensive monograph noted above, in which the authors’ process of 

obtaining the spatial coordinates of the PS is based on mathematical-statistical methods where a computational 

algorithm is capable of sorting the locus of the rotor generator focal position of the electrical activity by 

employing a “2048-channel virtual electrogram (VEGM) and electrocardiogram signals were collected for 30 s 

from 10 patients undergoing persAF ablation. QRST-subtraction was performed and virtual electrogram EGMs 

were processed using sinusoidal wavelet reconstruction. The phase was obtained using Hilbert transform. PSs 

were detected using four algorithms: (1) two dimensional image processing based and neighbor-indexing 

algorithm; (2) three dimensional neighbor-indexing algorithm; (3) two dimensional kernel convolutional 

algorithm estimating topological charge; and (4) topological charge estimation on a three dimensional mesh. PS 

annotations were compared using a structural similarity index (SSIM) and Pearson’s correlation coefficient 

(CORR). Optimized parameters to improve detection accuracy were found for all four algorithms using Fβ score 

and 10-fold cross-validation compared with manual annotation. Local clustering with density-based spatial 

clustering of applications with noise was proposed to improve algorithms 3 and 4.”  

[12] It is clear from the four methods proposed and its data acquisition modes by which the 

identification of the Phase Singularity is obtained are highly depended on the complex and subjective selections 

of parameters which in turn are subjected to the “Fβ score” analysis, due to assignments of non-symmetric 

preferences of some of the parameters relative value in assessing the locus of the Phase Singularity. 

[13] The differentiation between atrial flutter and atrial fibrillation in a location where such 

phenomenon occurs is another source of error which add to the identification of Phase Singularity.  

[14] Our application teaches an apparatus and method for the identification of the locus associated with 

atrial fibrillation by the use of the Huygens catheter and its ability to measure with near real-time the impedance 
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as well as the tissue potential and thereby solving the variables in the algorithm we employ titled “Signal 

Anisotropy, Modeling Bipotential Activity with the Poynting Energy Vector (PEV)” described below.  This 

technique is not available anywhere in the leading theories of the underlying mechanisms which defines the 

difference between a phenomenon called “atrial flutter” and one called “atrial fibrillation”.  While flutter is 

marked by the gap associated with scar and fibrotic tissue, which inhibits the transport of the ionic charge of the 

wave propagation along the conduction path, fibrillation is a phenomenon physically correlated with a physical 

phenomenon described as “rotors”. 

[15] In summary, the differentiation between flutter and fibrillation due to the anisotropic behavior of the 

wavefront dynamics, is the regeneration of the fibrillating foci, where the front of the wave and the tail of the 

wave are spiraling, while flutter is a simple fractionated electrogram, where the tail is just an end represented by 

a capacitance delay. In fibrillation the focus of the energy is a generator where its equivalent circuit 

representation is a variable resistor.  The main difference between fibrillation and flutter is the gap or the nature 

of the encroachment of the front into the tail: the gap is fully excitable and quite large in flutter, whereas it is 

smaller and partially excitable in AF, because of the intermingled front and tail.  A detailed study of the physics 

as well as the physiology of cardiac cell mechanism is articulated by Sandeep V. Pandit and José Jalife “Rotors 

and the Dynamics of Cardiac Fibrillation” 

[16] The Huygens catheter is the only tool in existence today that can measure both the DC potential as well 

as the tissue contact impedance (conductivity) for the same tissue area. This enables us to employ the Maxwell 

second set of time-varying equations, by substituting the magnetic energy vector (MEV) with the Poynting 

Energy Vector (P) where we substitute the B terms with the impedance measured value Z.  The impedance Z is 

measured nearly simultaneously with the measurement of the electric potential E of the heart wave using 

separately sensing electrodes on the Huygens catheter and sensing and signal processing circuitry.  Since the E 

and B fields are in temporal quadrature, their strengths cannot be simultaneously measured, but they can be 

measured in near simultaneity since the sample rate of the Huygens catheter is of the order of 1 kHz compared 

to the 1Hz beat rate of the heart and the heart wave.  Thus, an approximate value of the Poynting vector, E x B, 

can be measured at any given time, substituting the measured impedance Z for a computed value for B.  This is 

a derivation that was never described in the literature of the causal relationship between conduction path and 

fibrillation. The mechanism used to describe fibrillation is associated with the theory defined under the heading 

“phase singularity” whereby the computer on the back-end of the Huygens catheter performs a phase study 

separating normal tissue from fibrotic/scar tissue. The disclosed technique using the Huygens catheter with the 

algorithm provided using Maxwell’s equations distinguishes the invention from the existing art. 

[17]  
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[18] Brief Summary 

[19] The methodology of the illustrated embodiments of the apparatus of the invention is demonstrated by 

comparing the sensing a native QRS signal of the heart, generated and transmitted through a conventional 

decapolar catheter, where one pair of electrodes is configured to amplify the native heart signal with an analog-

to-digital converter (ADC) and amplifier combination.  An identical QRS signal is transmitted through a second 

pair of electrodes where the electrodes were modified to incorporate a Huygens™ sensor array in   the form of 

amplifier circuit placed on the inner surface of the electrode(s). 

[20] The measurement results of the conventional first electrode pair is compared with the results of a 

computer simulation, and compared with the electrode- Huygens™ sensor array output. The post-amplified 

cardiac path (using standard electrode technology) is measured to show that the reference signal is nearly 

imperceptible due to noise degradation. Spurious-free dynamic range (SFDR) is defined as the strength ratio of 

the fundamental signal to the strongest spurious signal in the output. The final result shows a spurious-free 

dynamic range (SFDR) of 9.3dB with a signal-to-noise ratio (SNR) of -50dB.  In contrast, when the same signal 

is run through the pre-amplified Huygens™ cardiac path, it is shown to be well- formed and the cardiac 

properties are clear, and the final result shows a vastly improved SFDR of 24.9dB and SNR of only -13dB. 

[21] The increase in signal quality of the Huygens™ sensor array as a local amplifier creates a new standard 

of quality in measuring bioelectric signals and well outperforms the current electrode technology.   

[22] Electrograms are a manifestation of the underlying electrochemical activity of a biological substrate, 

and the attempt to functionalize and fashion a diagnostic value          upon such graphical representation must 

first assume that the fidelity of the measured native signal is a true representation of an “energetic event,” as 

energy with its vectorial direction and magnitude is the appropriate parameters for a diagnostic measure. The 

question of focus becomes: “Can the electrogram path represent the underlying substrate composition?” 

[23] What we demonstrate below is centered on the ability of a measuring apparatus employing a catheter 

fitted with an electrode technology (i.e. at the site of biopotential activity) to capture the signal in its native 

form.  The current technology with its post-processing algorithms distorts and masks the true nature of the 

complex wavefronts and “washes out” substantial clinical details, resulting in a non-unique diagnosis as to the 

underlying nature of the disease mechanism. 

[24] Conventional measuring apparatus employing electrode(s) with an amplifier at the distal end of the 

catheter shaft is compared below with use of a local amplifier in a Huygens™ sensor array, which array 

enables an accurate “one-to-one” correlation while forming an electrophysiological map. The biopotential 

measurement using a Huygens sensor array substantially improves the representation of the energy contents on 

the spatial and time domains of the complex cardiac waveform, leading to a recursive relationship between the 

graphical representation and the underlying biopotential substrate which causes such electrical activity. 
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as well as the tissue potential and thereby solving the variables in the algorithm we employ titled “Signal 

Anisotropy, Modeling Bipotential Activity with the Poynting Energy Vector (PEV)” described below.  This 

technique is not available anywhere in the leading theories of the underlying mechanisms which defines the 

difference between a phenomenon called “atrial flutter” and one called “atrial fibrillation”.  While flutter is 

marked by the gap associated with scar and fibrotic tissue, which inhibits the transport of the ionic charge of the 

wave propagation along the conduction path, fibrillation is a phenomenon physically correlated with a physical 

phenomenon described as “rotors”. 
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wave are spiraling, while flutter is a simple fractionated electrogram, where the tail is just an end represented by 

a capacitance delay. In fibrillation the focus of the energy is a generator where its equivalent circuit 
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of the encroachment of the front into the tail: the gap is fully excitable and quite large in flutter, whereas it is 

smaller and partially excitable in AF, because of the intermingled front and tail.  A detailed study of the physics 

as well as the physiology of cardiac cell mechanism is articulated by Sandeep V. Pandit and José Jalife “Rotors 

and the Dynamics of Cardiac Fibrillation” 

[16] The Huygens catheter is the only tool in existence today that can measure both the DC potential as well 

as the tissue contact impedance (conductivity) for the same tissue area. This enables us to employ the Maxwell 

second set of time-varying equations, by substituting the magnetic energy vector (MEV) with the Poynting 

Energy Vector (P) where we substitute the B terms with the impedance measured value Z.  The impedance Z is 

measured nearly simultaneously with the measurement of the electric potential E of the heart wave using 

separately sensing electrodes on the Huygens catheter and sensing and signal processing circuitry.  Since the E 

and B fields are in temporal quadrature, their strengths cannot be simultaneously measured, but they can be 

measured in near simultaneity since the sample rate of the Huygens catheter is of the order of 1 kHz compared 

to the 1Hz beat rate of the heart and the heart wave.  Thus, an approximate value of the Poynting vector, E x B, 

can be measured at any given time, substituting the measured impedance Z for a computed value for B.  This is 

a derivation that was never described in the literature of the causal relationship between conduction path and 

fibrillation. The mechanism used to describe fibrillation is associated with the theory defined under the heading 

“phase singularity” whereby the computer on the back-end of the Huygens catheter performs a phase study 

separating normal tissue from fibrotic/scar tissue. The disclosed technique using the Huygens catheter with the 

algorithm provided using Maxwell’s equations distinguishes the invention from the existing art. 
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[18] Brief Summary 

[19] The methodology of the illustrated embodiments of the apparatus of the invention is demonstrated by 

comparing the sensing a native QRS signal of the heart, generated and transmitted through a conventional 

decapolar catheter, where one pair of electrodes is configured to amplify the native heart signal with an analog-

to-digital converter (ADC) and amplifier combination.  An identical QRS signal is transmitted through a second 

pair of electrodes where the electrodes were modified to incorporate a Huygens™ sensor array in   the form of 

amplifier circuit placed on the inner surface of the electrode(s). 

[20] The measurement results of the conventional first electrode pair is compared with the results of a 

computer simulation, and compared with the electrode- Huygens™ sensor array output. The post-amplified 

cardiac path (using standard electrode technology) is measured to show that the reference signal is nearly 

imperceptible due to noise degradation. Spurious-free dynamic range (SFDR) is defined as the strength ratio of 

the fundamental signal to the strongest spurious signal in the output. The final result shows a spurious-free 

dynamic range (SFDR) of 9.3dB with a signal-to-noise ratio (SNR) of -50dB.  In contrast, when the same signal 

is run through the pre-amplified Huygens™ cardiac path, it is shown to be well- formed and the cardiac 

properties are clear, and the final result shows a vastly improved SFDR of 24.9dB and SNR of only -13dB. 

[21] The increase in signal quality of the Huygens™ sensor array as a local amplifier creates a new standard 

of quality in measuring bioelectric signals and well outperforms the current electrode technology.   

[22] Electrograms are a manifestation of the underlying electrochemical activity of a biological substrate, 

and the attempt to functionalize and fashion a diagnostic value          upon such graphical representation must 

first assume that the fidelity of the measured native signal is a true representation of an “energetic event,” as 

energy with its vectorial direction and magnitude is the appropriate parameters for a diagnostic measure. The 

question of focus becomes: “Can the electrogram path represent the underlying substrate composition?” 

[23] What we demonstrate below is centered on the ability of a measuring apparatus employing a catheter 

fitted with an electrode technology (i.e. at the site of biopotential activity) to capture the signal in its native 

form.  The current technology with its post-processing algorithms distorts and masks the true nature of the 

complex wavefronts and “washes out” substantial clinical details, resulting in a non-unique diagnosis as to the 

underlying nature of the disease mechanism. 

[24] Conventional measuring apparatus employing electrode(s) with an amplifier at the distal end of the 

catheter shaft is compared below with use of a local amplifier in a Huygens™ sensor array, which array 

enables an accurate “one-to-one” correlation while forming an electrophysiological map. The biopotential 

measurement using a Huygens sensor array substantially improves the representation of the energy contents on 

the spatial and time domains of the complex cardiac waveform, leading to a recursive relationship between the 

graphical representation and the underlying biopotential substrate which causes such electrical activity. 
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[25] Conventional electrode technology utilizing post-processing algorithms has tried with limited success 

to resolve the diagnostic discrepancy between the bottom-up causal representation (i.e., substrate mapping) and 

the top-down causal description of the underlying mechanism generating the pathology observed. This 

limitation is cited in many clinical publications and is most clearly evident in the diagnosis and treatment of 

complex arrhythmias. 

[26] As indicated by the current status of clinical results, there are presently at least two approaches to 

determining the underlying mechanism for modeling a disease: 1) the reductionist approach, which advocates 

“substrate mapping” correlations with ECG, ( See Volkmer et al. “Substrate Mapping vs. Tachycardia Mapping 

using CARTO in Patients with Coronary Artery Disease and Ventricular Tachycardia: Impact on Outcome of 

Catheter Ablation”, Oxford Journals Medicine EP Europace Volume 8, Issue 11Pp. 968-976) and 2) the 

anatomical approach, which supports “anatomical mapping.” (Deepak Bhakta et al., “Principles of 

Electroanatomic Mapping”, Electrophysiol J. 2008 Jan-Mar; 8(1): 32–50). In contrast, the discussion should be 

centered on the nature of the measuring apparatus’s fidelity and the establishment of a “standard model” in 

electrophysiology (EP) while employing an apparatus which will enable both methodologies to form a uniform 

mapping manifold.   A standard model would provide for a common method of assessing the data and its 

“elementary building blocks,” which will improve not only the diagnostic and mapping procedures but also the 

therapeutic outcome. 

[27] One of the foremost goals of the EP community is to develop a comprehensive mapping  technique to 

characterize the global dynamics of wavefront activation. This must, first, be anchored in a bottom-up 

consensus where the elementary building blocks are accepted and agreed upon metrically, and whereby the 

cellular etiology and its electrical counterparts – e.g., dielectric (κ) and conductivity (σ) – are defined. The 

complexity and inter-relationships of the “avalanche” dynamics which are translated through the myocardial 

space, due to ionic potential on the spatial as well as time domains, can be resolved by the use of heuristic top-

down causal theory, when employing the local amplifier Huygens™ sensor array. 

[28] With respect to the methodology of using the Huygens sensing array, the illustrated embodiments of the 

invention include an improvement in a method of sensing biopotentials in tissue including the steps of: 

providing a Huygens sensor array; and sensing a native electrical biopotential signal using at least one electrode 

on a catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens 

sensor array to generate a well- formed waveform of the biopotential showing clear electrical properties 

indicative of the tissue with a SFDR of at least 24.9dB and SNR of at least -13dB. 

[29] In one embodiment the tissue is cardiac tissue and the biopotential signal sensed by the Huygens 

sensing array is a native cardiac waveform. 
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[30] In one embodiment the sensed biopotential signal is a manifestation of underlying electrochemical 

activity sensed by the Huygens sensing array of a biological substrate corresponding to the tissue. 

[31] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

corresponding to the tissue is an energetic event characterized by vectorial direction and magnitude sensed by 

the Huygens sensing array.  

[32] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

sensed by the Huygens sensing array corresponding to the tissue is a representation of the underlying substrate 

composition of the tissue. 

[33] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

corresponding to the tissue is a biopotential measurement using the Huygens sensor array to generate a 

representation of the energy contents on the spatial and time domains of a complex cardiac waveform, leading 

to a recursive relationship between a graphical representation of the cardiac waveform and an underlying 

biopotential substrate which is a source of the cardiac waveform. 

[34] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

corresponding to the tissue includes a mapping  which characterizes global dynamics of cardiac wavefront 

activation based on cellular etiology and corresponding dielectric (κ) and conductivity (σ) characteristics of the 

tissue representing complex inter-relationships of avalanche dynamics translated through a measured 

myocardial space arising from spatial and temporal ionic potentials measured by a local amplifier Huygens 

sensor array. 

[35] In one embodiment, sensing a native electrical biopotential signal using at least one electrode on a 

catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor 

array includes sensing by performing impedance spectroscopy. 

[36] In one embodiment, sensing a native electrical biopotential signal using at least one electrode on a 

catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor 

array includes sensing an energetic event represented by the native electrical biopotential signal in the tissue by 

relating its inherent characteristics of time, magnitude and direction without post-processing of the native 

electrical biopotential signal. 

[37] In one embodiment, sensing a native electrical biopotential signal using at least one electrode on a 

catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor 

array includes sensing the native electrical potential signal using a local amplifier which acts as variable 

resistor with an on-site electrical ground, which ground is not subject to  noise pickup to improve signal-to-

noise ratio (SNR), spurious-free dynamic range  (SFDR), signal fidelity, sampling rate, bandwidth, and 

differentiation of far-field from near- field components of the sensed native electrical potential signal. 
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[25] Conventional electrode technology utilizing post-processing algorithms has tried with limited success 

to resolve the diagnostic discrepancy between the bottom-up causal representation (i.e., substrate mapping) and 

the top-down causal description of the underlying mechanism generating the pathology observed. This 

limitation is cited in many clinical publications and is most clearly evident in the diagnosis and treatment of 

complex arrhythmias. 

[26] As indicated by the current status of clinical results, there are presently at least two approaches to 
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mapping manifold.   A standard model would provide for a common method of assessing the data and its 

“elementary building blocks,” which will improve not only the diagnostic and mapping procedures but also the 

therapeutic outcome. 
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characterize the global dynamics of wavefront activation. This must, first, be anchored in a bottom-up 

consensus where the elementary building blocks are accepted and agreed upon metrically, and whereby the 

cellular etiology and its electrical counterparts – e.g., dielectric (κ) and conductivity (σ) – are defined. The 

complexity and inter-relationships of the “avalanche” dynamics which are translated through the myocardial 

space, due to ionic potential on the spatial as well as time domains, can be resolved by the use of heuristic top-

down causal theory, when employing the local amplifier Huygens™ sensor array. 

[28] With respect to the methodology of using the Huygens sensing array, the illustrated embodiments of the 

invention include an improvement in a method of sensing biopotentials in tissue including the steps of: 

providing a Huygens sensor array; and sensing a native electrical biopotential signal using at least one electrode 

on a catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens 

sensor array to generate a well- formed waveform of the biopotential showing clear electrical properties 

indicative of the tissue with a SFDR of at least 24.9dB and SNR of at least -13dB. 

[29] In one embodiment the tissue is cardiac tissue and the biopotential signal sensed by the Huygens 

sensing array is a native cardiac waveform. 
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[30] In one embodiment the sensed biopotential signal is a manifestation of underlying electrochemical 

activity sensed by the Huygens sensing array of a biological substrate corresponding to the tissue. 

[31] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

corresponding to the tissue is an energetic event characterized by vectorial direction and magnitude sensed by 

the Huygens sensing array.  

[32] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

sensed by the Huygens sensing array corresponding to the tissue is a representation of the underlying substrate 

composition of the tissue. 

[33] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

corresponding to the tissue is a biopotential measurement using the Huygens sensor array to generate a 

representation of the energy contents on the spatial and time domains of a complex cardiac waveform, leading 

to a recursive relationship between a graphical representation of the cardiac waveform and an underlying 

biopotential substrate which is a source of the cardiac waveform. 

[34] In one embodiment, the manifestation of underlying electrochemical activity of a biological substrate 

corresponding to the tissue includes a mapping  which characterizes global dynamics of cardiac wavefront 

activation based on cellular etiology and corresponding dielectric (κ) and conductivity (σ) characteristics of the 

tissue representing complex inter-relationships of avalanche dynamics translated through a measured 

myocardial space arising from spatial and temporal ionic potentials measured by a local amplifier Huygens 

sensor array. 

[35] In one embodiment, sensing a native electrical biopotential signal using at least one electrode on a 

catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor 

array includes sensing by performing impedance spectroscopy. 

[36] In one embodiment, sensing a native electrical biopotential signal using at least one electrode on a 

catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor 

array includes sensing an energetic event represented by the native electrical biopotential signal in the tissue by 
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[37] In one embodiment, sensing a native electrical biopotential signal using at least one electrode on a 

catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor 

array includes sensing the native electrical potential signal using a local amplifier which acts as variable 

resistor with an on-site electrical ground, which ground is not subject to  noise pickup to improve signal-to-

noise ratio (SNR), spurious-free dynamic range  (SFDR), signal fidelity, sampling rate, bandwidth, and 

differentiation of far-field from near- field components of the sensed native electrical potential signal. 
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[38] In one embodiment, the method further includes the step of using the Huygens sensor array with 

mapping stations without alteration thereof. 

[39] In one embodiment, the method further includes the step of detecting an energetic event in the tissue 

using the Huygens™ sensor array to generate an ensemble vector map to characterize spatiotemporal 

organization of cardiac fibrillation. 

[40] In one embodiment, the method further includes the step of using the Huygens™ sensor array with a 

predetermined geometric configuration, including bipolar, quadripolar, decapolar, or any array with 64 or more 

electrodes, to enable a plurality of electrodes to simultaneously capture a complex electro-potential energetic 

event, with an improved SNR and sampling rate commensurable with a bandwidth and accuracy in a spatio-

temporal domain.  

[41] In one embodiment, the method further includes the step of capturing bioelectric potential data, which 

is anchored in a measurement that reveals the physical nature of a biological substrate’s electrical properties of 

underlying tissue to allow for interpretation of the phenomenological expression of an electrogram (EGM) and 

its graphical representation in the context of an energetic event, based on the dielectric (κ) and conductivity (σ) 

measurements of underlying tissue. 

[42] In one embodiment, the method further includes the step of connecting an electroanatomic map with an 

inherent physical relationship between an energy transfer function and its causal dependency on a substrate 

tissue as represented by an electrogram by using a Huygens™ sensor array for conducting an 

electrophysiological study. 

[43] In one embodiment, the method further includes the step of connecting phenomenological data with 

clinical observation so that electrical properties of a conduction path within a cardiac substrate and its 

etiological constituents are correlated without the need to create a causal dependency. 

[44] In one embodiment, the method further includes the step of synchronously capturing spatial and 

temporal complexity of an energetic cardiac event using the Huygens™ sensor array to mimic underlying    

cardiac dynamics by localizing and precisely identifying arrhythmogenic substrates removed from fluoroscopic 

landmarks and lacking characteristic electrogram patterns. 

[45] In one embodiment, the method further includes the step of generating a cardiac map comprised of 

superimposed electric and energy wave maps by converging the electric heart vector with the magnetic heart 

vector by computing   an impedance (Z) value generated from the substrate. 

[46] In one embodiment, the method further includes the step of simultaneously localizing and mapping 

(SLAM) magnetic fields during a cellular activation sequence to uncover a magnetic heart vector (MHV) by 

computing a vector    derived from Maxwell's equations by deriving the Poynting energy vector PEV from a 

measured impedance vector (Z) sensed using the Huygens™ sensor array with a computational algorithm. 
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[47] In one embodiment, the method further includes the step of measuring a phase difference, β, between 

PEV and EHV to infer features of anisotropy in a myocardium. 

[48] While the apparatus and method has or will be described for the sake of grammatical fluidity with 

functional explanations, it is to be expressly understood that the claims, unless expressly formulated under 35 

USC 112, are not to be construed as necessarily limited in any way by the construction of “means” or “steps” 

limitations, but are to be accorded the full scope of the meaning and equivalents of the definition provided by 

the claims under the judicial doctrine of equivalents, and in the case where the claims are expressly formulated 

under 35 USC 112 are to be accorded full statutory equivalents under 35 USC 112.  The disclosure can be better 

visualized by turning now to the following drawings wherein like elements are referenced by like numerals. 

 

[49] Brief Description of the Drawings 

[50] Fig. 1 is a wave trace of the voltage of a cardiac signal  as a function of time in a post-amplified path 

which shows that the reference signal is nearly imperceptible at this level due to noise degradation.    

[51] Fig. 2 is a wave trace of the voltage of the signal shown in Fig. 1 as a function of time 

after being run through the Huygens sensor array. 

[52] Fig. 3 is a color electroanatomic map with high fidelity and accuracy depicting a local electrogram 

with its native dynamics, its geometrical as well as its time domain specificity and further providing for 

reconstruction of the anatomical and the extrapolated etiological characteristics of the cellular matrix by 

employing the Huygens™ sensor array. 

[53] Fig. 4 illustrates the vulnerability to wave break and spiral wave formation due to diffuse fibrosis.  Fig. 

4 shows three snapshots in upper row A of the progression of two wavefronts initiated in a medium with 10% 

fibrosis and with a coupling interval of 321 ms between them; and three snapshots in lower row B of the 

progression of two wavefronts initiated in a medium with 30% fibrosis and with a coupling interval of 320 ms 

between them 

[54] Fig. 5 on the left panel is a color electrogram showing precise lesion placement which is required for 

treatment of arrhythmias for which ablation shown in the right panel are most effective (e.g., accessory 

pathways, atrioventricular nodal re-entry tachycardia [AVNRT]) and which are largely anatomically based or 

directed substrates.   

[55] Fig. 6 is a fluoroscopic image used with a prior art mapping catheter and sensory apparatus, which 

cannot accurately locate both the geometry and time domain of the wavefront’s activity generated by the 

“avalanche” of the cellular excitable matrix. 

[56] Fig. 7 are three traces of the cardiac amplitude and corresponding power spectrographs of the cardiac 

signal. 

395

07 



Patent 
PHA3.PAU.63 

 

7 
 

[38] In one embodiment, the method further includes the step of using the Huygens sensor array with 

mapping stations without alteration thereof. 

[39] In one embodiment, the method further includes the step of detecting an energetic event in the tissue 

using the Huygens™ sensor array to generate an ensemble vector map to characterize spatiotemporal 

organization of cardiac fibrillation. 

[40] In one embodiment, the method further includes the step of using the Huygens™ sensor array with a 

predetermined geometric configuration, including bipolar, quadripolar, decapolar, or any array with 64 or more 

electrodes, to enable a plurality of electrodes to simultaneously capture a complex electro-potential energetic 

event, with an improved SNR and sampling rate commensurable with a bandwidth and accuracy in a spatio-

temporal domain.  

[41] In one embodiment, the method further includes the step of capturing bioelectric potential data, which 

is anchored in a measurement that reveals the physical nature of a biological substrate’s electrical properties of 

underlying tissue to allow for interpretation of the phenomenological expression of an electrogram (EGM) and 

its graphical representation in the context of an energetic event, based on the dielectric (κ) and conductivity (σ) 

measurements of underlying tissue. 

[42] In one embodiment, the method further includes the step of connecting an electroanatomic map with an 

inherent physical relationship between an energy transfer function and its causal dependency on a substrate 

tissue as represented by an electrogram by using a Huygens™ sensor array for conducting an 

electrophysiological study. 

[43] In one embodiment, the method further includes the step of connecting phenomenological data with 

clinical observation so that electrical properties of a conduction path within a cardiac substrate and its 

etiological constituents are correlated without the need to create a causal dependency. 

[44] In one embodiment, the method further includes the step of synchronously capturing spatial and 

temporal complexity of an energetic cardiac event using the Huygens™ sensor array to mimic underlying    

cardiac dynamics by localizing and precisely identifying arrhythmogenic substrates removed from fluoroscopic 

landmarks and lacking characteristic electrogram patterns. 

[45] In one embodiment, the method further includes the step of generating a cardiac map comprised of 

superimposed electric and energy wave maps by converging the electric heart vector with the magnetic heart 

vector by computing   an impedance (Z) value generated from the substrate. 

[46] In one embodiment, the method further includes the step of simultaneously localizing and mapping 

(SLAM) magnetic fields during a cellular activation sequence to uncover a magnetic heart vector (MHV) by 

computing a vector    derived from Maxwell's equations by deriving the Poynting energy vector PEV from a 

measured impedance vector (Z) sensed using the Huygens™ sensor array with a computational algorithm. 
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[47] In one embodiment, the method further includes the step of measuring a phase difference, β, between 

PEV and EHV to infer features of anisotropy in a myocardium. 

[48] While the apparatus and method has or will be described for the sake of grammatical fluidity with 

functional explanations, it is to be expressly understood that the claims, unless expressly formulated under 35 

USC 112, are not to be construed as necessarily limited in any way by the construction of “means” or “steps” 

limitations, but are to be accorded the full scope of the meaning and equivalents of the definition provided by 

the claims under the judicial doctrine of equivalents, and in the case where the claims are expressly formulated 

under 35 USC 112 are to be accorded full statutory equivalents under 35 USC 112.  The disclosure can be better 

visualized by turning now to the following drawings wherein like elements are referenced by like numerals. 

 

[49] Brief Description of the Drawings 

[50] Fig. 1 is a wave trace of the voltage of a cardiac signal  as a function of time in a post-amplified path 

which shows that the reference signal is nearly imperceptible at this level due to noise degradation.    

[51] Fig. 2 is a wave trace of the voltage of the signal shown in Fig. 1 as a function of time 

after being run through the Huygens sensor array. 

[52] Fig. 3 is a color electroanatomic map with high fidelity and accuracy depicting a local electrogram 

with its native dynamics, its geometrical as well as its time domain specificity and further providing for 

reconstruction of the anatomical and the extrapolated etiological characteristics of the cellular matrix by 

employing the Huygens™ sensor array. 

[53] Fig. 4 illustrates the vulnerability to wave break and spiral wave formation due to diffuse fibrosis.  Fig. 

4 shows three snapshots in upper row A of the progression of two wavefronts initiated in a medium with 10% 

fibrosis and with a coupling interval of 321 ms between them; and three snapshots in lower row B of the 

progression of two wavefronts initiated in a medium with 30% fibrosis and with a coupling interval of 320 ms 

between them 

[54] Fig. 5 on the left panel is a color electrogram showing precise lesion placement which is required for 

treatment of arrhythmias for which ablation shown in the right panel are most effective (e.g., accessory 

pathways, atrioventricular nodal re-entry tachycardia [AVNRT]) and which are largely anatomically based or 

directed substrates.   

[55] Fig. 6 is a fluoroscopic image used with a prior art mapping catheter and sensory apparatus, which 

cannot accurately locate both the geometry and time domain of the wavefront’s activity generated by the 

“avalanche” of the cellular excitable matrix. 

[56] Fig. 7 are three traces of the cardiac amplitude and corresponding power spectrographs of the cardiac 

signal. 
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[57] Fig. 8 is a set of color graphs of an energy and E vector display, ECG and conductivity map over a time 

graph of an EP signal showing how the location of a rotor or other endocardial blockage is determined. 

[58] Fig. 9 is a circuit block diagram of the Huygens catheter circuitry showing the amplifiers deployed on 

the catheter electrodes and the impedance sensing electrodes from a figure in the Incorporated application A 

CATHETER FOR CARDIAC AND RENAL NERVE SENSING AND MEDIATION, U.S. Pat. Appl. 

17/468,460. 

[59] Fig. 10 is a circuit block diagram of the impedance measurement circuitry used in the Huygens catheter 

from a figure in the Incorporated application A CATHETER FOR CARDIAC AND RENAL NERVE 

SENSING AND MEDIATION, U.S. Pat. Appl. 17/468,460. 

[60] Fig. 11 is a perspective view of a nonencapsulated Huygens catheter tip showing the tip electrodes, a 

flexible length of printed circuit board coupled to the electrodes and a proximal portion of the circuit board 

carrying all of the tip electronics for providing local amplification and digitization of the electrode signals for 

transmission to a remote data processing station. 

[61] Fig. 12 is a diagram illustrated some basic concepts of rotors and spirals in heart waves. 

[62] The disclosure and its various embodiments can now be better understood by turning to the following 

detailed description of the preferred embodiments which are presented as illustrated examples of the 

embodiments defined in the claims.  It is expressly understood that the embodiments as defined by the claims 

may be broader than the illustrated embodiments described below. 

[63]  

[64] Detailed Description of the Preferred Embodiments 

[65] Determining optimal treatment strategies for complex arrhymogenesis in AF is conducted by the lack of 

consensus regarding the mechanisms causing AF. The studies report different mechanisms for AF, ranging from 

hierarchical drivers to multiple activation modes. Differences in assessment of AF mechanism are likely due to 

the different investigational tools employed, scaling and the population variabilities used in the studies.  The 

Huygens catheter and the proposed algorithm employed enable a uniform derivation of the focal targeted locus 

for such application, where the ability of the system and method is to create a uniform data acquisition of the 

cardiac dynamics, simplicity in the operation of yielding such a target as a rotor initiator and ultimately the 

ability of the therapeutic application of ablation procedure to terminate the arrhymogenic cause for persistent 

AF.  In the leftmost side of Fig. 12 is a diagram which is a snapshot of a spiral cardiac wave: electrotonic 

effects of the core decrease conduction velocity (arrows), and action potential duration (representative examples 

shown from positions 1, 2, and 3), and wavelength (the distance from the wavefront [black line] to the wave tail 

[dashed line]). Conduction velocity (CV) decreases and wavefront curvature becomes more pronounced, near 

the rotor, which is a phase singularity at the point where the wavefront and the wave tail meet (shown in Fig. 12 
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by an asterisk*).  In the rightmost side of Fig. 12 is a depiction of a computer simulation of cardiac wave 

reentry.  On the top position is a snapshot of the transmembrane voltage distribution during simulated reentry in 

chronic atrial fibrillation (AF) conditions in a two-dimensional sheet incorporating human atrial ionic math 

models.  In the bottom position is a snapshot of inactivation variables of sodium current, “high” during reentry.  

Greater detail concerning spiral and reentry waveforms is given in Sandeep V. Pandit, José Jalife, “Rotors and 

the Dynamics of Cardiac Fibrillation”, Circ Res. 2013;112:849-862 (2012). 

 

 

 

[66] The Huygens Solution 

[67] There is a relationship between the quality of the measuring apparatus and its ability to resolve the 

signal accuracy and its signal-to-noise ratio (SNR), as well as the fidelity and repeatability of the data 

generated. This disclosure will address the shortcoming of the current electrode technology and the 

improvement provided by the use of a local amplifier with its embodiments, as a solution to the limitations 

noted by the existing art. 

[68] Current attempts to resolve the myriad of above-mentioned issues utilize the method of post-production 

processing which employs, subsequent to the native measurement, algorithmic tools such as a Fast Fourier 

Transform (FFT) technique or recursive methods. As a result, the EP community is currently faced with a state 

of affairs as described and exemplified in the published clinical journals cited below. 

[69] The Huygens™ technology utilizes impedance spectroscopy at the event site of the biopotential signal. 

Just as microscopy provided for magnification which produced a novel view of matter at orders of magnitude 

which were previously imperceptible, impedance spectroscopy provides an additional tool for an 

electrophysiologist that can resolve the distortions caused by the noise characteristic of the current art to allow 

study of the inherent relationship between the substrate and its corresponding electrical activity. 

[70] The use of a local amplifier in the Huygens™ sensor array is a solution to shortcomings of the prior 

art. That the native bioelectrical signal in the form of ionic electrochemical avalanche dynamics is addressed 

by locating the preamplifier (Huygens™) element adjacent to the measurement site.  That measurement is 

capable of “mining” the” energetic event” by relating its inherent characteristics of time, magnitude and 

direction without post-processing of the native signal, as in the prior art.  These aims are achieved by employing 

a local pre-amplification with the characteristic signal fidelity as demonstrated below. 

[71] The shortcoming of the prior electrode technology is emphasized by comparison with the 

improvements provided by the disclosure, which is defined by the term “Huygens™.” Simply stated, a local 

amplifier acts as variable resistor. Its on-site electrical ground is not subject to  noise  pickup from the 5-
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[57] Fig. 8 is a set of color graphs of an energy and E vector display, ECG and conductivity map over a time 

graph of an EP signal showing how the location of a rotor or other endocardial blockage is determined. 

[58] Fig. 9 is a circuit block diagram of the Huygens catheter circuitry showing the amplifiers deployed on 

the catheter electrodes and the impedance sensing electrodes from a figure in the Incorporated application A 

CATHETER FOR CARDIAC AND RENAL NERVE SENSING AND MEDIATION, U.S. Pat. Appl. 

17/468,460. 

[59] Fig. 10 is a circuit block diagram of the impedance measurement circuitry used in the Huygens catheter 

from a figure in the Incorporated application A CATHETER FOR CARDIAC AND RENAL NERVE 

SENSING AND MEDIATION, U.S. Pat. Appl. 17/468,460. 

[60] Fig. 11 is a perspective view of a nonencapsulated Huygens catheter tip showing the tip electrodes, a 

flexible length of printed circuit board coupled to the electrodes and a proximal portion of the circuit board 

carrying all of the tip electronics for providing local amplification and digitization of the electrode signals for 

transmission to a remote data processing station. 

[61] Fig. 12 is a diagram illustrated some basic concepts of rotors and spirals in heart waves. 

[62] The disclosure and its various embodiments can now be better understood by turning to the following 

detailed description of the preferred embodiments which are presented as illustrated examples of the 

embodiments defined in the claims.  It is expressly understood that the embodiments as defined by the claims 

may be broader than the illustrated embodiments described below. 

[63]  

[64] Detailed Description of the Preferred Embodiments 

[65] Determining optimal treatment strategies for complex arrhymogenesis in AF is conducted by the lack of 

consensus regarding the mechanisms causing AF. The studies report different mechanisms for AF, ranging from 

hierarchical drivers to multiple activation modes. Differences in assessment of AF mechanism are likely due to 

the different investigational tools employed, scaling and the population variabilities used in the studies.  The 

Huygens catheter and the proposed algorithm employed enable a uniform derivation of the focal targeted locus 

for such application, where the ability of the system and method is to create a uniform data acquisition of the 

cardiac dynamics, simplicity in the operation of yielding such a target as a rotor initiator and ultimately the 

ability of the therapeutic application of ablation procedure to terminate the arrhymogenic cause for persistent 

AF.  In the leftmost side of Fig. 12 is a diagram which is a snapshot of a spiral cardiac wave: electrotonic 

effects of the core decrease conduction velocity (arrows), and action potential duration (representative examples 

shown from positions 1, 2, and 3), and wavelength (the distance from the wavefront [black line] to the wave tail 

[dashed line]). Conduction velocity (CV) decreases and wavefront curvature becomes more pronounced, near 

the rotor, which is a phase singularity at the point where the wavefront and the wave tail meet (shown in Fig. 12 
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by an asterisk*).  In the rightmost side of Fig. 12 is a depiction of a computer simulation of cardiac wave 

reentry.  On the top position is a snapshot of the transmembrane voltage distribution during simulated reentry in 

chronic atrial fibrillation (AF) conditions in a two-dimensional sheet incorporating human atrial ionic math 

models.  In the bottom position is a snapshot of inactivation variables of sodium current, “high” during reentry.  

Greater detail concerning spiral and reentry waveforms is given in Sandeep V. Pandit, José Jalife, “Rotors and 

the Dynamics of Cardiac Fibrillation”, Circ Res. 2013;112:849-862 (2012). 

 

 

 

[66] The Huygens Solution 

[67] There is a relationship between the quality of the measuring apparatus and its ability to resolve the 

signal accuracy and its signal-to-noise ratio (SNR), as well as the fidelity and repeatability of the data 

generated. This disclosure will address the shortcoming of the current electrode technology and the 

improvement provided by the use of a local amplifier with its embodiments, as a solution to the limitations 

noted by the existing art. 

[68] Current attempts to resolve the myriad of above-mentioned issues utilize the method of post-production 

processing which employs, subsequent to the native measurement, algorithmic tools such as a Fast Fourier 

Transform (FFT) technique or recursive methods. As a result, the EP community is currently faced with a state 

of affairs as described and exemplified in the published clinical journals cited below. 

[69] The Huygens™ technology utilizes impedance spectroscopy at the event site of the biopotential signal. 

Just as microscopy provided for magnification which produced a novel view of matter at orders of magnitude 

which were previously imperceptible, impedance spectroscopy provides an additional tool for an 

electrophysiologist that can resolve the distortions caused by the noise characteristic of the current art to allow 

study of the inherent relationship between the substrate and its corresponding electrical activity. 

[70] The use of a local amplifier in the Huygens™ sensor array is a solution to shortcomings of the prior 

art. That the native bioelectrical signal in the form of ionic electrochemical avalanche dynamics is addressed 

by locating the preamplifier (Huygens™) element adjacent to the measurement site.  That measurement is 

capable of “mining” the” energetic event” by relating its inherent characteristics of time, magnitude and 

direction without post-processing of the native signal, as in the prior art.  These aims are achieved by employing 

a local pre-amplification with the characteristic signal fidelity as demonstrated below. 

[71] The shortcoming of the prior electrode technology is emphasized by comparison with the 

improvements provided by the disclosure, which is defined by the term “Huygens™.” Simply stated, a local 

amplifier acts as variable resistor. Its on-site electrical ground is not subject to  noise  pickup from the 5-
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ft. antenna/conductor, which the catheter shaft forms, and which acts as a receiver/ carrier for equipment 

located in the operating room with EMI frequencies ranging from 50-60 Hz to 5-10 kHz.  Fig. 11 shows the tip 

of the Huygens catheter in which all amplification, signal sensing, and signal conditioning occurs in electronics 

provided at or on the catheter tip or at least proximate thereto.  Fig. 11 is taken from Fig. 12 of incorporated 

patent application, U.S. Pat. Appl. 17/468,460, where additional detail and disclosure of the Huygens catheter 

tip is provided.  Fig. 11 shows that all of the sensing, amplification and signal processing circuitry, including 

digitization, related to the sensed electrode signals occurs at or proximate to the electrodes at or near the 

catheter tip.  The disclosed approach of local amplification employs pre-amplification technology which 

substantially improves signal-to-noise ratio (SNR), spurious-free dynamic range-            SFDR- signal fidelity, 

sampling rate, bandwidth, and differentiation of far-field from near- field components. 

[72] It can be appreciated that measuring small bioelectrical signals with the Huygens™ technology applies 

to a wide variety of medical applications.              For example, electrophysiological maps can be created to establish 

accurate diagnostic maps which improve the subsequent therapeutic outcome.  The electrical characteristics of 

Huygens™ can resolve many of the existing problems arising from the electrode technology interface, where 

the ratio of signal magnitude compared to the noise impairs the ability of the clinician to form an adequate and 

reliable diagnosis.  

[73] Conventional electrode technology is limited in providing uniform diagnostic metrics, and thus the 

clinical observations provided are oftentimes merely anecdotal indications. The Huygens™ sensor array, as a 

model for local pre-amplification supplements the current electrode technology to provide benefits by 

complementing the existing technology when incorporated therein. The current architecture of mapping 

apparatus such as CARTO™ or EnSite®, as well as their tool sets (e.g., catheters), need not be modified with 

respect to their generic metrics (e.g., bipolar, quadripolar, decapolar, balloon, basket), and are not altered since 

the Huygens™ amplifier and its associated circuitry is adopted within the existing catheter shaft.  The 

Huygens™ technology can be seamlessly incorporated into the existing hardware of mapping stations and 

operator skills.  The change would be essentially invisible to the user. 

[74]  

[75] The Huygens Pre-Amplification Compared to Post-Amplification Methods 

[76] Experimental application of the technology is discussed below to demonstrate a proof of concept and 

the superior performance of a Huygens™ sensor array in detecting bioelectric potentials in the circuit depicted 

in Fig. 1. A comparison of the local amplifier employing Huygens™ versus the remote amplifier was 

conducted. 

[77] Simulated cardiac (QRS) signals are generated by a programmable generator (Agilent Trueform Wave 

Generator, 33500B Series) and measured along two different signal paths, one employing a post-amplified 
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(using current electrode technology) and the second channel containing a locally amplified        Huygens™ sensor 

array.  In the unamplified pathway, a conventional decapolar   geometry   catheter   is   post-amplified using 

ADC Pro computer software, simulating the current method of electrode technology.  In the amplified pathway, 

the identical geometry and metric layout is employed using a common, single catheter shaft for both 

configurations, with the only difference being that the amplification now occurred at the site of the electrodes 

using the Huygens™ sensor array. Thus, the only variable measured was the fidelity of the simulated QRS, 

enabling a comparative evaluation of the resultant signals from each amplification method. 

[78] The signal is first attenuated to under 50µV peak-to-peak by adding series attenuators to the input 

signal from conventional electrode technology with a total signal gain of 128.   The post-amplified path is 

measured in Fig. 1 to show that the reference signal is nearly imperceptible at this level due to noise 

degradation.   The final result shows a spurious-free dynamic range SFDR of 9.3dB with a signal-to-noise 

ratio (SNR) of -50dB. 

[79] In contrast, when the same signal is run through the pre-amplified Huygens™ path as seen in Fig. 2, it 

is shown to be well-formed, and the cardiac properties are clear. Here, the total signal gain is only 100, with 

the location of the gain block having been moved from one end of the catheter to another and the final result 

shows a vastly improved SFDR of 24.9dB and SNR of only -13dB. 

[80] When the QRS-simulated signal is captured by the local amplifier at the site of the electrodes, linked to 

a local Huygens™ sensor, the result is substantially identical to the “pure” standard. The cardiac signal, 

replicated using TrueformTM waveform generator technology (a trademark of Keysight, Colorado Springs, 

Colorado), is then repeated while the amplifier is located at the distal end of the catheter connector with post-

amplification. The signal quality is due to the pre-amplified embodiment of locating the measurement at the 

site of the signal source. These and other features relating to the use of Huygens™ inherent local ground with 

its variable resistor, matching the characteristics of the biopotential at the measurement site, are material 

characteristics of Huygens. 

 

[81] Clinical Observations Using the Huygens Sensor Array 

[82] The application of local pre-amplification to measure bioelectrical potential, with sufficient SNR 

reduction as well as bandwidth, transforms the art of measurement in electrophysiological studies from the 

current state of phenomenological correlations to a bottom-up discipline, where observations are anchored in a 

common mode application of the biological substrate and the measuring apparatus, and where matrices of such 

measurements are defined by what we term as a ”standard model” employing addressable and measurable 

”elementary building blocks.”   The “standard model” is the prior art method of defining “phase singularities” 

in a post-processing method using an analog signal with large noise content.  The disclosed embodiment 
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ft. antenna/conductor, which the catheter shaft forms, and which acts as a receiver/ carrier for equipment 

located in the operating room with EMI frequencies ranging from 50-60 Hz to 5-10 kHz.  Fig. 11 shows the tip 

of the Huygens catheter in which all amplification, signal sensing, and signal conditioning occurs in electronics 

provided at or on the catheter tip or at least proximate thereto.  Fig. 11 is taken from Fig. 12 of incorporated 

patent application, U.S. Pat. Appl. 17/468,460, where additional detail and disclosure of the Huygens catheter 

tip is provided.  Fig. 11 shows that all of the sensing, amplification and signal processing circuitry, including 

digitization, related to the sensed electrode signals occurs at or proximate to the electrodes at or near the 

catheter tip.  The disclosed approach of local amplification employs pre-amplification technology which 

substantially improves signal-to-noise ratio (SNR), spurious-free dynamic range-            SFDR- signal fidelity, 

sampling rate, bandwidth, and differentiation of far-field from near- field components. 

[72] It can be appreciated that measuring small bioelectrical signals with the Huygens™ technology applies 

to a wide variety of medical applications.              For example, electrophysiological maps can be created to establish 

accurate diagnostic maps which improve the subsequent therapeutic outcome.  The electrical characteristics of 

Huygens™ can resolve many of the existing problems arising from the electrode technology interface, where 

the ratio of signal magnitude compared to the noise impairs the ability of the clinician to form an adequate and 

reliable diagnosis.  

[73] Conventional electrode technology is limited in providing uniform diagnostic metrics, and thus the 

clinical observations provided are oftentimes merely anecdotal indications. The Huygens™ sensor array, as a 

model for local pre-amplification supplements the current electrode technology to provide benefits by 

complementing the existing technology when incorporated therein. The current architecture of mapping 

apparatus such as CARTO™ or EnSite®, as well as their tool sets (e.g., catheters), need not be modified with 

respect to their generic metrics (e.g., bipolar, quadripolar, decapolar, balloon, basket), and are not altered since 

the Huygens™ amplifier and its associated circuitry is adopted within the existing catheter shaft.  The 

Huygens™ technology can be seamlessly incorporated into the existing hardware of mapping stations and 

operator skills.  The change would be essentially invisible to the user. 

[74]  

[75] The Huygens Pre-Amplification Compared to Post-Amplification Methods 

[76] Experimental application of the technology is discussed below to demonstrate a proof of concept and 

the superior performance of a Huygens™ sensor array in detecting bioelectric potentials in the circuit depicted 

in Fig. 1. A comparison of the local amplifier employing Huygens™ versus the remote amplifier was 

conducted. 

[77] Simulated cardiac (QRS) signals are generated by a programmable generator (Agilent Trueform Wave 

Generator, 33500B Series) and measured along two different signal paths, one employing a post-amplified 
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(using current electrode technology) and the second channel containing a locally amplified        Huygens™ sensor 

array.  In the unamplified pathway, a conventional decapolar   geometry   catheter   is   post-amplified using 

ADC Pro computer software, simulating the current method of electrode technology.  In the amplified pathway, 

the identical geometry and metric layout is employed using a common, single catheter shaft for both 

configurations, with the only difference being that the amplification now occurred at the site of the electrodes 

using the Huygens™ sensor array. Thus, the only variable measured was the fidelity of the simulated QRS, 

enabling a comparative evaluation of the resultant signals from each amplification method. 

[78] The signal is first attenuated to under 50µV peak-to-peak by adding series attenuators to the input 

signal from conventional electrode technology with a total signal gain of 128.   The post-amplified path is 

measured in Fig. 1 to show that the reference signal is nearly imperceptible at this level due to noise 

degradation.   The final result shows a spurious-free dynamic range SFDR of 9.3dB with a signal-to-noise 

ratio (SNR) of -50dB. 

[79] In contrast, when the same signal is run through the pre-amplified Huygens™ path as seen in Fig. 2, it 

is shown to be well-formed, and the cardiac properties are clear. Here, the total signal gain is only 100, with 

the location of the gain block having been moved from one end of the catheter to another and the final result 

shows a vastly improved SFDR of 24.9dB and SNR of only -13dB. 

[80] When the QRS-simulated signal is captured by the local amplifier at the site of the electrodes, linked to 

a local Huygens™ sensor, the result is substantially identical to the “pure” standard. The cardiac signal, 

replicated using TrueformTM waveform generator technology (a trademark of Keysight, Colorado Springs, 

Colorado), is then repeated while the amplifier is located at the distal end of the catheter connector with post-

amplification. The signal quality is due to the pre-amplified embodiment of locating the measurement at the 

site of the signal source. These and other features relating to the use of Huygens™ inherent local ground with 

its variable resistor, matching the characteristics of the biopotential at the measurement site, are material 

characteristics of Huygens. 

 

[81] Clinical Observations Using the Huygens Sensor Array 

[82] The application of local pre-amplification to measure bioelectrical potential, with sufficient SNR 

reduction as well as bandwidth, transforms the art of measurement in electrophysiological studies from the 

current state of phenomenological correlations to a bottom-up discipline, where observations are anchored in a 

common mode application of the biological substrate and the measuring apparatus, and where matrices of such 

measurements are defined by what we term as a ”standard model” employing addressable and measurable 

”elementary building blocks.”   The “standard model” is the prior art method of defining “phase singularities” 

in a post-processing method using an analog signal with large noise content.  The disclosed embodiment 

400

07 



Patent 
PHA3.PAU.63 

 

13 
 

eliminates noise content by measuring the DC potential locally, and which is thereafter locally amplified and 

digitized into a word that cannot be corrupted by noise-generating sources.   The Huygens sensing array has a 

resolution of 5-25μV which the prior art standard model cannot resolve.  The disclosed methodology 

simultaneously measures the impedance of tissue contact therefore providing two fundamental data points 

which are not interpolated mathematically, but are obtained through a direct measurement from the tissue in 

real time. The disclosed methodology incorporates an “elementary” data set for the measured vector which is 

the order tuple of position P, orientation O, impedance Z, DC voltage potential, time t: < P(xyz), O(xyz), Z, V, t 

>.  Fig. 9 is a circuit block diagram of the Huygens catheter circuitry showing the amplifiers deployed on the 

catheter electrodes and the impedance sensing electrodes from a Fig. 4B in the Incorporated application A 

CATHETER FOR CARDIAC AND RENAL NERVE SENSING AND MEDIATION, U.S. Pat. Appl. 

17/468,460.  Fig. 10 is a circuit block diagram of the impedance measurement circuitry used in the Huygens 

catheter from a Fig. 5 in the Incorporated application A CATHETER FOR CARDIAC AND RENAL NERVE 

SENSING AND MEDIATION, U.S. Pat. Appl. 17/468,460.  The operation and details of the elements shown 

in Figs. 10 and 11 are further described in the incorporated application and illustrate the referenced local 

amplification and simultaneous impedance measurement discussed in this disclosure.   

[83] Many studies have demonstrated that fibrillatory rhythms are not random phenomena, but rather have 

definable patterns (Kadish A, et al., “Characterization of fibrillatory rhythms by ensemble vector directional 

analysis.” Am J Physiol Heart Circ Physiol. 2003 Oct; 285(4):H1705-19. Epub 2003 Jun 5).  However, prior art 

mapping techniques have limitations in their ability to identify the organization of fibrillation. The purpose of 

the illustrated embodiments of the invention is to develop and apply a method for detecting the energetic event 

by the ability of local amplifier with its inherent variable resistor Huygens™ sensor module to generate, for 

example, an "ensemble vector mapping" to characterize the spatiotemporal organization of fibrillation. 

[84] Catheter-based ablation has revolutionized arrhythmia management by offering the most definitive 

treatment for virtually all types of tachyarrhythmias. The reasons behind the success of ablation are many, but 

chief among them is the ability of the electrophysiologists to identify underlying mechanisms and to precisely 

localize and eliminate the tachycardia foci or circuits.   Unfortunately, mapping of high-dominant-frequency 

areas has been shown not to be effective in chronic atrial fibrillation (AF) patients. On the other hand, mapping 

of complex fractionated atrial electrograms (CFAE) as target sites for AF ablation has shown great promise.  

During sustained AF, CFAEs often are recorded in specific areas of the atria and exhibit surprisingly 

remarkable temporal and spatial stability.  CFAEs usually are low-voltage electrogram (0.05 to 0.25 mV) with 

highly fractionated potential or with a very short cycle length (≤120 ms).  See Koonlawee Nademanee, “Trials 

and Travails of Electrogram-Guided Ablation of Chronic Atrial Fibrillation”, Circulation.2007; 115: 2592-2594 

Patent 
PHA3.PAU.63 

 

14 
 

[85] This is an important observation that a complex arrhythmia cannot be assumed to be defined as well as 

treated unless the underlying mechanism and precise identification of the vectorial direction as well as its 

magnitude can be established.  The notion that the native signal-measurement can somehow can be improved 

through a smart algorithm or a sophisticated mathematical filtering, manipulated by recursive methods, 

and/or wavelet analysis, is a misleading one. The native signal cannot be improved beyond its energy domain in 

its time scale or its geometric spacing. The signal noise components (SNR) and their representations cannot be 

altered by a post-processing approach. In contrast we teach a technological departure from the electrode 

technology with its post-processing approach, which is the mainstay of the prior art of biopotential data 

acquisition. 

[86] The operative departure is the incorporation of local amplification at the source using, for example, a 

Huygens™ sensor module in an array form with geometry configurations such as bipolar, quadripolar, 

decapolar, or any array with 64 or more electrodes, to enable a multitude of electrodes/pads to simultaneously 

capture the complex electro-potential energetic event, with the improved SNR and sampling rate 

commensurable with the bandwidth and accuracy on the spatio-temporal domain. A mature scientific theory is 

characterized by its power of prediction to uniquely project an outcome based on boundary conditions that can 

be reproduced, where the specificity of the well-formed question results in a well-defined answer.  The art of 

EP is in need        of a radical review of its methodologies with regard to the relationship between its diagnostic 

findings and its loosely correlated clinical observations. 

[87] As an example of the prior art clinical literature describing the underlying mechanism of patients with 

supraventricular tachycardia and paroxysmal atrial fibrillation consider the following statement. “Each patient 

underwent a baseline electrophysiologic study with closely spaced electrode catheter.   . . .   Paroxysmal atrial 

fibrillation (PAF) frequently occurred in patients with paroxysmal supraventricular Tachycardia (PSVT). 

However, the mechanisms responsible for the occurrence of PAF were not fully understood. Although previous 

studies have suggested that atrioventricular (AV) accessory pathway or slow AV node pathway itself may play 

an important role in the genesis of PAF, disturbed atrial electrophysiology during PSVT may be the other 

mechanism of initiation of PAF.   Klein et al. have shown increased atrial refractoriness during PSVT and 

considered mechano-electrical feedback a cause of PAF during.”  Chen Y, et al. “Role of atrial 

electrophysiology and autonomic nervous system in patients with supraventricular tachycardia and paroxysmal 

atrial fibrillation”, J Am Coll Cardiol. 1998;32(3):732- 738 

[88] It is clear from this statement that while the underlying cause is nested within multiple potential 

explanations relating to the mechanism that might lead to such conditions, no unique underlying mechanism 

was cited. The literature as noted above provides the explanations that the variability of the identifications 
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eliminates noise content by measuring the DC potential locally, and which is thereafter locally amplified and 

digitized into a word that cannot be corrupted by noise-generating sources.   The Huygens sensing array has a 

resolution of 5-25μV which the prior art standard model cannot resolve.  The disclosed methodology 

simultaneously measures the impedance of tissue contact therefore providing two fundamental data points 

which are not interpolated mathematically, but are obtained through a direct measurement from the tissue in 

real time. The disclosed methodology incorporates an “elementary” data set for the measured vector which is 

the order tuple of position P, orientation O, impedance Z, DC voltage potential, time t: < P(xyz), O(xyz), Z, V, t 

>.  Fig. 9 is a circuit block diagram of the Huygens catheter circuitry showing the amplifiers deployed on the 

catheter electrodes and the impedance sensing electrodes from a Fig. 4B in the Incorporated application A 

CATHETER FOR CARDIAC AND RENAL NERVE SENSING AND MEDIATION, U.S. Pat. Appl. 

17/468,460.  Fig. 10 is a circuit block diagram of the impedance measurement circuitry used in the Huygens 

catheter from a Fig. 5 in the Incorporated application A CATHETER FOR CARDIAC AND RENAL NERVE 

SENSING AND MEDIATION, U.S. Pat. Appl. 17/468,460.  The operation and details of the elements shown 

in Figs. 10 and 11 are further described in the incorporated application and illustrate the referenced local 

amplification and simultaneous impedance measurement discussed in this disclosure.   

[83] Many studies have demonstrated that fibrillatory rhythms are not random phenomena, but rather have 

definable patterns (Kadish A, et al., “Characterization of fibrillatory rhythms by ensemble vector directional 

analysis.” Am J Physiol Heart Circ Physiol. 2003 Oct; 285(4):H1705-19. Epub 2003 Jun 5).  However, prior art 

mapping techniques have limitations in their ability to identify the organization of fibrillation. The purpose of 

the illustrated embodiments of the invention is to develop and apply a method for detecting the energetic event 

by the ability of local amplifier with its inherent variable resistor Huygens™ sensor module to generate, for 

example, an "ensemble vector mapping" to characterize the spatiotemporal organization of fibrillation. 

[84] Catheter-based ablation has revolutionized arrhythmia management by offering the most definitive 

treatment for virtually all types of tachyarrhythmias. The reasons behind the success of ablation are many, but 

chief among them is the ability of the electrophysiologists to identify underlying mechanisms and to precisely 

localize and eliminate the tachycardia foci or circuits.   Unfortunately, mapping of high-dominant-frequency 

areas has been shown not to be effective in chronic atrial fibrillation (AF) patients. On the other hand, mapping 

of complex fractionated atrial electrograms (CFAE) as target sites for AF ablation has shown great promise.  

During sustained AF, CFAEs often are recorded in specific areas of the atria and exhibit surprisingly 

remarkable temporal and spatial stability.  CFAEs usually are low-voltage electrogram (0.05 to 0.25 mV) with 

highly fractionated potential or with a very short cycle length (≤120 ms).  See Koonlawee Nademanee, “Trials 

and Travails of Electrogram-Guided Ablation of Chronic Atrial Fibrillation”, Circulation.2007; 115: 2592-2594 
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[85] This is an important observation that a complex arrhythmia cannot be assumed to be defined as well as 

treated unless the underlying mechanism and precise identification of the vectorial direction as well as its 

magnitude can be established.  The notion that the native signal-measurement can somehow can be improved 

through a smart algorithm or a sophisticated mathematical filtering, manipulated by recursive methods, 

and/or wavelet analysis, is a misleading one. The native signal cannot be improved beyond its energy domain in 

its time scale or its geometric spacing. The signal noise components (SNR) and their representations cannot be 

altered by a post-processing approach. In contrast we teach a technological departure from the electrode 

technology with its post-processing approach, which is the mainstay of the prior art of biopotential data 

acquisition. 

[86] The operative departure is the incorporation of local amplification at the source using, for example, a 

Huygens™ sensor module in an array form with geometry configurations such as bipolar, quadripolar, 

decapolar, or any array with 64 or more electrodes, to enable a multitude of electrodes/pads to simultaneously 

capture the complex electro-potential energetic event, with the improved SNR and sampling rate 

commensurable with the bandwidth and accuracy on the spatio-temporal domain. A mature scientific theory is 

characterized by its power of prediction to uniquely project an outcome based on boundary conditions that can 

be reproduced, where the specificity of the well-formed question results in a well-defined answer.  The art of 

EP is in need        of a radical review of its methodologies with regard to the relationship between its diagnostic 

findings and its loosely correlated clinical observations. 

[87] As an example of the prior art clinical literature describing the underlying mechanism of patients with 

supraventricular tachycardia and paroxysmal atrial fibrillation consider the following statement. “Each patient 

underwent a baseline electrophysiologic study with closely spaced electrode catheter.   . . .   Paroxysmal atrial 

fibrillation (PAF) frequently occurred in patients with paroxysmal supraventricular Tachycardia (PSVT). 

However, the mechanisms responsible for the occurrence of PAF were not fully understood. Although previous 

studies have suggested that atrioventricular (AV) accessory pathway or slow AV node pathway itself may play 

an important role in the genesis of PAF, disturbed atrial electrophysiology during PSVT may be the other 

mechanism of initiation of PAF.   Klein et al. have shown increased atrial refractoriness during PSVT and 

considered mechano-electrical feedback a cause of PAF during.”  Chen Y, et al. “Role of atrial 

electrophysiology and autonomic nervous system in patients with supraventricular tachycardia and paroxysmal 

atrial fibrillation”, J Am Coll Cardiol. 1998;32(3):732- 738 

[88] It is clear from this statement that while the underlying cause is nested within multiple potential 

explanations relating to the mechanism that might lead to such conditions, no unique underlying mechanism 

was cited. The literature as noted above provides the explanations that the variability of the identifications 
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provided by studies, yields different mechanisms for the causes and its underlying mechanism, as discussed by 

the in many of the clinical studies are fashioned along the general outline shown above by Li et al. 

[89] The complexity is clarified in why such conditions manifest themselves in the specific class of PAF: a 

conventional model for any assessment of the boundary conditions must be first subject to the ability of the 

measurement and its methodology including its measuring apparatus to yield consistent and repeatable          data 

under similar conditions. The ambiguity and non-unique distinction of the mechanism generating the condition 

is a typical narrative in many clinical discussions and intellectual chatter of the various conferences on the topic 

of the underlying mechanisms of arrhythmogenic causes. In order to improve the art of measuring apparatus we 

employ a platform comprising a local amplifier using Huygens™ sensor array located at the target site to 

enable the mining of bioelectrical potential with fidelity and repeatability not currently available in the 

discipline of EP studies. 

[90] The aim to form a standard model for EP is centered on the fact that the etiological as well as 

morphological elements forming the substrate of a biostructure must obey    unique boundary conditions so that 

their specificity can be studied and reconstructed as well as predicted. The fact that most of the EP studies are a 

collection    of phenomenological observations supports the contention that EP as a scientific discipline must 

undergo a change which must first be organized under the tool set and the ability of the physicians’ community 

to recognize a generally accepted standard of data capture as well as a data format. The fact that many 

researchers and their publications tend to exhibit colorful plates with interesting isochrones does not constitute 

a “standard model,” as the collection methods vary and its solution has a low predictability and reproducibility 

value. 

[91] Huygens™ technology improves the art of EP by creating such a standardized model, unifying the 

diagnostic observations under a measurement technique able to define the electrocardiogram (EGM) as 

energetic events, distinguishing such applications from the massive digital signal processing (DSP) 

manipulation customary in the prior art. 

[92] An overall view of the field of EP reveals a landscape of phenomenological collections of data with 

little to no specificity associated with the fact that the cellular excitable matrix    is the result of specific 

etiological characteristics of the underlying substrate. If these data points were anchored by a robust 

physical and biological model, it will enable a simple translation between the electrical map and its substrate. 

Hence, the substrate will be directly correlated to the pathophysiology. 

[93] This state of affairs is dependent on the ability of the roaming catheter to collect the electrical potential 

and place such data on its anatomical target synchronously. Additionally, the signal must be distinguished from 

its noise components    to separate the native signal effect of the far-field component and its near-field 

contributing element. 
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[94] The fundamental technique of local amplification provides the user with native local signal where the 

near-field as well as its far-field component can be distinguished without post-processing employing 

algorithmic “gimmicks” and other sophisticated DSP manipulations. 

[95] The disclosure is directed to a technology for capturing bioelectric potential data, which is anchored in 

measurement techniques that reveal the physical nature of a biological substrate’s electrical properties. This 

technology allows for the interpretation of the phenomenological expression of the electrogram (EGM) and its 

graphical representation in the context of an energetic event, based on the dielectric (κ) and conductivity (σ) 

measurements of underlying tissues. 

[96] Electrophysiology studies employ a variety of devices, specifically catheters with different electrical 

configurations of electrodes using magnetic as well as electrical impedance techniques to form an electro-

anatomical map. The   fact that electroanatomic mapping fails to connect the inherent physical relationship 

between an energy transfer function and its causal dependency on the substrate, as represented by the 

electrogram, is the foundation for the utility of the local amplification, exhibited herein via the use of a 

Huygens™ sensor array shown in Fig. 11 for conducting electrophysiological studies. 

[97] The method and exemplary apparatus which is presented enables the creation of an electroanatomic 

map in Fig. 5 with high fidelity and accuracy while depicting a local electrogram with its native dynamics, its 

geometrical as well as its time domain specificity and further providing for reconstruction of the anatomical 

and the extrapolated etiological characteristics of the cellular matrix by employing the Huygens™ sensor array 

apparatus. 

[98] The aim and utility of this local amplifier technology is to connect the phenomenological data with 

clinical observations.  The electrical properties of the conduction path within the substrate and its etiological 

constituents (e.g., cellular matrix composition and its electrical counterparts) are correlated without the need to 

create a causal dependency after the fact. This allows for the formation of a robust and coherent standard model 

in forming the diagnostic basis for defining a disease model, as noted by Tusscher et al.’s study presented at 

Europace. The study notes, “During    aging, after infarction, in cardiomyopathies and other cardiac diseases, the 

percentage of fibrotic (connective) tissue may increase from 6% up to 10–35%. The presence of increased 

amounts of connective tissue is strongly correlated with the occurrence of arrhythmias and sudden cardiac 

death.” Tusscher, Panfilov. “Influence of diffuse fibrosis on wave propagation in human ventricular tissue.” 

Europace (2007) 9(suppl 6): vi38-vi45 doi:10.1093/europace/eum206.  Fig. 4 illustrates the vulnerability to 

wave break and spiral wave formation due to diffuse fibrosis.  Fig. 4 shows three snapshots in upper row A of 

the progression of two wavefronts initiated in a medium with 10% fibrosis and with a coupling interval of 321 

ms between them; and three snapshots in lower row B of the progression of two wavefronts initiated in a 

medium with 30% fibrosis and with a coupling interval of 320 ms between them. 
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provided by studies, yields different mechanisms for the causes and its underlying mechanism, as discussed by 

the in many of the clinical studies are fashioned along the general outline shown above by Li et al. 

[89] The complexity is clarified in why such conditions manifest themselves in the specific class of PAF: a 

conventional model for any assessment of the boundary conditions must be first subject to the ability of the 

measurement and its methodology including its measuring apparatus to yield consistent and repeatable          data 

under similar conditions. The ambiguity and non-unique distinction of the mechanism generating the condition 

is a typical narrative in many clinical discussions and intellectual chatter of the various conferences on the topic 

of the underlying mechanisms of arrhythmogenic causes. In order to improve the art of measuring apparatus we 

employ a platform comprising a local amplifier using Huygens™ sensor array located at the target site to 

enable the mining of bioelectrical potential with fidelity and repeatability not currently available in the 

discipline of EP studies. 

[90] The aim to form a standard model for EP is centered on the fact that the etiological as well as 

morphological elements forming the substrate of a biostructure must obey    unique boundary conditions so that 

their specificity can be studied and reconstructed as well as predicted. The fact that most of the EP studies are a 

collection    of phenomenological observations supports the contention that EP as a scientific discipline must 

undergo a change which must first be organized under the tool set and the ability of the physicians’ community 

to recognize a generally accepted standard of data capture as well as a data format. The fact that many 

researchers and their publications tend to exhibit colorful plates with interesting isochrones does not constitute 

a “standard model,” as the collection methods vary and its solution has a low predictability and reproducibility 

value. 

[91] Huygens™ technology improves the art of EP by creating such a standardized model, unifying the 

diagnostic observations under a measurement technique able to define the electrocardiogram (EGM) as 

energetic events, distinguishing such applications from the massive digital signal processing (DSP) 

manipulation customary in the prior art. 

[92] An overall view of the field of EP reveals a landscape of phenomenological collections of data with 

little to no specificity associated with the fact that the cellular excitable matrix    is the result of specific 

etiological characteristics of the underlying substrate. If these data points were anchored by a robust 

physical and biological model, it will enable a simple translation between the electrical map and its substrate. 

Hence, the substrate will be directly correlated to the pathophysiology. 

[93] This state of affairs is dependent on the ability of the roaming catheter to collect the electrical potential 

and place such data on its anatomical target synchronously. Additionally, the signal must be distinguished from 

its noise components    to separate the native signal effect of the far-field component and its near-field 

contributing element. 

Patent 
PHA3.PAU.63 

 

16 
 

[94] The fundamental technique of local amplification provides the user with native local signal where the 

near-field as well as its far-field component can be distinguished without post-processing employing 

algorithmic “gimmicks” and other sophisticated DSP manipulations. 

[95] The disclosure is directed to a technology for capturing bioelectric potential data, which is anchored in 

measurement techniques that reveal the physical nature of a biological substrate’s electrical properties. This 

technology allows for the interpretation of the phenomenological expression of the electrogram (EGM) and its 

graphical representation in the context of an energetic event, based on the dielectric (κ) and conductivity (σ) 

measurements of underlying tissues. 

[96] Electrophysiology studies employ a variety of devices, specifically catheters with different electrical 

configurations of electrodes using magnetic as well as electrical impedance techniques to form an electro-

anatomical map. The   fact that electroanatomic mapping fails to connect the inherent physical relationship 

between an energy transfer function and its causal dependency on the substrate, as represented by the 

electrogram, is the foundation for the utility of the local amplification, exhibited herein via the use of a 

Huygens™ sensor array shown in Fig. 11 for conducting electrophysiological studies. 

[97] The method and exemplary apparatus which is presented enables the creation of an electroanatomic 

map in Fig. 5 with high fidelity and accuracy while depicting a local electrogram with its native dynamics, its 

geometrical as well as its time domain specificity and further providing for reconstruction of the anatomical 

and the extrapolated etiological characteristics of the cellular matrix by employing the Huygens™ sensor array 

apparatus. 

[98] The aim and utility of this local amplifier technology is to connect the phenomenological data with 

clinical observations.  The electrical properties of the conduction path within the substrate and its etiological 

constituents (e.g., cellular matrix composition and its electrical counterparts) are correlated without the need to 

create a causal dependency after the fact. This allows for the formation of a robust and coherent standard model 

in forming the diagnostic basis for defining a disease model, as noted by Tusscher et al.’s study presented at 

Europace. The study notes, “During    aging, after infarction, in cardiomyopathies and other cardiac diseases, the 

percentage of fibrotic (connective) tissue may increase from 6% up to 10–35%. The presence of increased 

amounts of connective tissue is strongly correlated with the occurrence of arrhythmias and sudden cardiac 

death.” Tusscher, Panfilov. “Influence of diffuse fibrosis on wave propagation in human ventricular tissue.” 

Europace (2007) 9(suppl 6): vi38-vi45 doi:10.1093/europace/eum206.  Fig. 4 illustrates the vulnerability to 

wave break and spiral wave formation due to diffuse fibrosis.  Fig. 4 shows three snapshots in upper row A of 

the progression of two wavefronts initiated in a medium with 10% fibrosis and with a coupling interval of 321 

ms between them; and three snapshots in lower row B of the progression of two wavefronts initiated in a 

medium with 30% fibrosis and with a coupling interval of 320 ms between them. 
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[99] Because of its high success and low morbidity rates, radiofrequency (RF) catheter ablation has become 

first line of treatment for many arrhythmias. In this procedure, one or more electrode catheters are advanced 

percutaneously through the vasculature to contact cardiac tissues. A diagnostic study is performed to define 

the arrhythmia mechanism, and subsequently an ablation catheter is positioned adjacent to the arrhythmogenic 

substrate. Radiofrequency energy of up to 50W is delivered in the form of a continuous unmodulated sinusoidal 

waveform, typically for 60 seconds. The arrhythmia is eliminated via the destruction of arrhythmogenic tissues 

(e.g., accessory pathways) and its subsequent replacement with scars. 

[100] Fig. 7 illustrates the vulnerability to wave break and spiral wave formation due to diffuse fibrosis.  Fig. 

7 shows three snapshots in upper row A of the progression of two wavefronts initiated in a medium with 10% 

fibrosis and with a coupling interval of 321 ms between them; and three snapshots in lower row B of the 

progression of two wavefronts initiated in a medium with 30% fibrosis and with a coupling interval of 320 ms 

between them. 

[101] In the electrogram approach in Fig. 5, because precise lesion placement is required, arrhythmias for 

which ablation are most effective (e.g., accessory pathways, atrioventricular nodal re-entry tachycardia 

[AVNRT]) have largely anatomically based or directed substrates.  An electrode catheter in the coronary sinus 

outlines the mitral annulus fluoroscopically, and is used to guide ablation catheter position. The relative 

amplitude of the atrial and ventricular components of the bipolar electrogram recorded by the ablation catheter 

further defines the tip position relative to the annulus. The earliest atrial or ventricular activation during 

pathway conduction identifies pathway location along the annulus. The target for catheter ablation of AVNRT 

occurs even more predictably in the posteroseptum.  Ablation may be guided entirely by anatomic location 

relative to the HIS bundle and coronary sinus catheter positions, which serve as fluoroscopic landmarks, or by a 

combined anatomical and electrophysiological mapping, such as those generated by CARTO™ or EnSite®. 

[102]  

[103] Complex Arrhythmias and the Limitations of Prior  Art

[104] However, ablation of more complex arrhythmias, including some atrial tachycardia, many forms of intra-

atrial re-entry, most ventricular tachycardia, and atrial fibrillation continue to pose a major challenge (PA 

Friedman, “Novel mapping techniques for cardiac electrophysiology”, Heart. 2002 June; 87(6): 575–582).  The 

current art of mapping lacks sufficient resolution to capture the complexity of the substrate fibrotic tissue and the 

collection rate lacks a sufficient sampling rate to address the dynamic range of the wave form dynamics.  Both 

problems are addressed by the Huygens catheter with its SNR improvements, its dynamic range of 1KHz.  This 

challenge stems, in part, from the foregoing limitations of the conventional fluoroscopy used in Fig. 6 as well as 

in the construction of prior art mapping catheters and sensory apparatus, which cannot accurately locate both the 

geometry and time domain of the wavefront’s activity generated by the “avalanche” of the cellular excitable 
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matrix. Thus, the primary disadvantage of the existing and prior art of electrode technology is in its inability to 

account for the cellular biopotential transfer with the resolution necessary to capture the energetic event, and the 

insufficiency of the prior art electrode technology to account for ionic transfer time depicting the actual energetic 

event, measuring and representing the “avalanche” dynamics of this bioenergetic event. 

[105] The aim of using transistorized electrodes (i.e., the Huygens™ local amplifier circuit) is to accurately 

identify the conduction path in the heart tissue. An ideal conductor might, in general, satisfy the accuracy 

representation employed by the prior art, but in disease modeling, most of our assumptions relating to linear 

behavior of the conduction path (the cable theory) cannot be reproduced by such modeling, due to the impact of 

secondary and significant noise generating phenomena, such as vectorial multiplicity of sources generating the 

EGM, magneto-electric anisotropy, and conduction in the cardiac strand where gap-junction-mediated 

mechanisms alternate. Conventional ‘cable theory’ does not satisfy the ionic conservation law, and the Navier-

Stokes equations with its diffusion modeling might be a better approximation of the ionic heart conduction, and 

its energy vector with its magnitude and direction than is provided by the cable theory. 

[106] An obvious problem in separating the noise component from the native signal is the inability of the 

system to identify which is noise and which is the native signal in Fig. 7. If we know that a signal is smooth or 

changing slowly and that the noise is fluctuating rapidly, we can filter out noise by averaging adjacent data to 

eliminate fluctuations while preserving the trend. Noise can also be reduced by filtering out high frequencies.  

For smooth signals, which change relatively slowly and therefore are mostly lower frequency, this will not blur 

the signal too much. Many interesting signals are not smooth; they contain high-frequency peaks. Eliminating 

all high frequencies mutilates the message, namely “cutting the daisies along with the weeds,” in the words of 

Victor Wickerhauser of Washington University in St. Louis, adequately expresses the main drawback of post-

processing such signal wavefronts (B Hubbard, “The World According to Wavelets: The Story of a 

Mathematical Technique in the Making”, Natick, MA: A K Peters, 1998). 

 

[107] Signal-to-Noise Ratios 

[108] High signal-to-noise ratios (SNR) thus requires the use of a very low-noise amplifier with    a limited 

bandwidth. The current technologies provide a differential amplifier with voltage noise of less than 10nV 

√1Hz and current noise less than 1pA. However, both parameters are frequency-dependent and decrease 

approximately with the square root of frequency; the exact relationship depends on the technology of the 

amplifier input stage. Field-effect transistor (FET) preamplifiers exhibit about 5 times the voltage noise density 

compared to bipolar transistors and a current noise density that is about 100 times smaller. 

[109] In summary, the problem of reconstruction of the electrophysiological activity in the prior art is two-

fold: first, in the architectural design of the use of electrodes and their associated electrical circuit design, and 
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[99] Because of its high success and low morbidity rates, radiofrequency (RF) catheter ablation has become 

first line of treatment for many arrhythmias. In this procedure, one or more electrode catheters are advanced 

percutaneously through the vasculature to contact cardiac tissues. A diagnostic study is performed to define 

the arrhythmia mechanism, and subsequently an ablation catheter is positioned adjacent to the arrhythmogenic 

substrate. Radiofrequency energy of up to 50W is delivered in the form of a continuous unmodulated sinusoidal 

waveform, typically for 60 seconds. The arrhythmia is eliminated via the destruction of arrhythmogenic tissues 

(e.g., accessory pathways) and its subsequent replacement with scars. 

[100] Fig. 7 illustrates the vulnerability to wave break and spiral wave formation due to diffuse fibrosis.  Fig. 

7 shows three snapshots in upper row A of the progression of two wavefronts initiated in a medium with 10% 

fibrosis and with a coupling interval of 321 ms between them; and three snapshots in lower row B of the 

progression of two wavefronts initiated in a medium with 30% fibrosis and with a coupling interval of 320 ms 

between them. 

[101] In the electrogram approach in Fig. 5, because precise lesion placement is required, arrhythmias for 

which ablation are most effective (e.g., accessory pathways, atrioventricular nodal re-entry tachycardia 

[AVNRT]) have largely anatomically based or directed substrates.  An electrode catheter in the coronary sinus 

outlines the mitral annulus fluoroscopically, and is used to guide ablation catheter position. The relative 

amplitude of the atrial and ventricular components of the bipolar electrogram recorded by the ablation catheter 

further defines the tip position relative to the annulus. The earliest atrial or ventricular activation during 

pathway conduction identifies pathway location along the annulus. The target for catheter ablation of AVNRT 

occurs even more predictably in the posteroseptum.  Ablation may be guided entirely by anatomic location 

relative to the HIS bundle and coronary sinus catheter positions, which serve as fluoroscopic landmarks, or by a 

combined anatomical and electrophysiological mapping, such as those generated by CARTO™ or EnSite®. 

[102]  

[103] Complex Arrhythmias and the Limitations of Prior  Art

[104] However, ablation of more complex arrhythmias, including some atrial tachycardia, many forms of intra-

atrial re-entry, most ventricular tachycardia, and atrial fibrillation continue to pose a major challenge (PA 

Friedman, “Novel mapping techniques for cardiac electrophysiology”, Heart. 2002 June; 87(6): 575–582).  The 

current art of mapping lacks sufficient resolution to capture the complexity of the substrate fibrotic tissue and the 

collection rate lacks a sufficient sampling rate to address the dynamic range of the wave form dynamics.  Both 

problems are addressed by the Huygens catheter with its SNR improvements, its dynamic range of 1KHz.  This 

challenge stems, in part, from the foregoing limitations of the conventional fluoroscopy used in Fig. 6 as well as 

in the construction of prior art mapping catheters and sensory apparatus, which cannot accurately locate both the 

geometry and time domain of the wavefront’s activity generated by the “avalanche” of the cellular excitable 
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matrix. Thus, the primary disadvantage of the existing and prior art of electrode technology is in its inability to 

account for the cellular biopotential transfer with the resolution necessary to capture the energetic event, and the 

insufficiency of the prior art electrode technology to account for ionic transfer time depicting the actual energetic 

event, measuring and representing the “avalanche” dynamics of this bioenergetic event. 

[105] The aim of using transistorized electrodes (i.e., the Huygens™ local amplifier circuit) is to accurately 

identify the conduction path in the heart tissue. An ideal conductor might, in general, satisfy the accuracy 

representation employed by the prior art, but in disease modeling, most of our assumptions relating to linear 

behavior of the conduction path (the cable theory) cannot be reproduced by such modeling, due to the impact of 

secondary and significant noise generating phenomena, such as vectorial multiplicity of sources generating the 

EGM, magneto-electric anisotropy, and conduction in the cardiac strand where gap-junction-mediated 

mechanisms alternate. Conventional ‘cable theory’ does not satisfy the ionic conservation law, and the Navier-

Stokes equations with its diffusion modeling might be a better approximation of the ionic heart conduction, and 

its energy vector with its magnitude and direction than is provided by the cable theory. 

[106] An obvious problem in separating the noise component from the native signal is the inability of the 

system to identify which is noise and which is the native signal in Fig. 7. If we know that a signal is smooth or 

changing slowly and that the noise is fluctuating rapidly, we can filter out noise by averaging adjacent data to 

eliminate fluctuations while preserving the trend. Noise can also be reduced by filtering out high frequencies.  

For smooth signals, which change relatively slowly and therefore are mostly lower frequency, this will not blur 

the signal too much. Many interesting signals are not smooth; they contain high-frequency peaks. Eliminating 

all high frequencies mutilates the message, namely “cutting the daisies along with the weeds,” in the words of 

Victor Wickerhauser of Washington University in St. Louis, adequately expresses the main drawback of post-

processing such signal wavefronts (B Hubbard, “The World According to Wavelets: The Story of a 

Mathematical Technique in the Making”, Natick, MA: A K Peters, 1998). 

 

[107] Signal-to-Noise Ratios 

[108] High signal-to-noise ratios (SNR) thus requires the use of a very low-noise amplifier with    a limited 

bandwidth. The current technologies provide a differential amplifier with voltage noise of less than 10nV 

√1Hz and current noise less than 1pA. However, both parameters are frequency-dependent and decrease 

approximately with the square root of frequency; the exact relationship depends on the technology of the 

amplifier input stage. Field-effect transistor (FET) preamplifiers exhibit about 5 times the voltage noise density 

compared to bipolar transistors and a current noise density that is about 100 times smaller. 

[109] In summary, the problem of reconstruction of the electrophysiological activity in the prior art is two-

fold: first, in the architectural design of the use of electrodes and their associated electrical circuit design, and 
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secondly, in the further handicap caused by modeling the biopotential activity as a physical phenomenon, 

whereby excitable cells    are modeled by employing the cable theory with isotropic behavior. The use of 

electrodes and cable theory is a good approximation of idealized conditions of such energetic events, but suffers 

from the inability to associate accurately the intracardiac electrogram with a specific endocardial site which also 

limits the reliability with which the roving catheter tip can be placed at a site that was previously mapped. This 

results in limitations when the creation of long linear lesions is required to modify the substrate, and when 

multiple isthmuses or “channels” are present. Additionally, since in conventional endocardial mapping a single 

localization is made over several cardiac cycles, the influence of beat-to-beat variability on overall cardiac 

activation cannot be known.  

[110] The sensory apparatus and methods we teach captures the complexity, as well the time domain, of such 

energetic events synchronously. The Huygens™ sensor array and its fidelity further mimics the underlying    

dynamics, and improves conventional catheter-based mapping techniques by localizing and identifying 

precisely the arrhythmogenic substrates that are removed from fluoroscopic landmarks and lack characteristic 

electrogram patterns. 

 

 

 

[111] Modelling of Bioelectrical Activity and Diffusion 

[112] The need to improve modeling of cellular electrical activity is central to physiology and 

electrophysiological studies. Biopotential recording and mapping of such electrical activity enables the 

physician or researcher to form and fashion his or her understanding of the fundamental data gathering and 

analysis of such diverse biological activities as sensory perception, communication between neurons, initiation 

and coordination of skeletal-muscle contraction, synchronization of the heartbeat, and the secretion of 

hormones. Most mathematical models of cellular electrical activity are based on the cable model, which can be 

derived from a current continuity relation on a one-dimensional ohmic cable. As such, its derivation rests on 

several assumptions: ionic concentrations are assumed not to change appreciably over the time of interest, and a 

one-dimensional picture of cell geometry is assumed to be adequate for purposes    of describing cellular 

electrical activity. These assumptions, however, may not hold in many systems of biological significance, 

especially in the central nervous system and within cardiac tissue, where micro-histological features may play 

an essential role in shaping physiological responses. 

[113] The first and far most assumption of electrophysiological mapping is the notion of linearity as well as 

homogeneous conduction path, both are refuted in light of the clinical observation associated with ephaptic 

coupling effect on the conduction path well as magnetic heart vector anisotropy, both affect the ECG 
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representation and its informative content. The corruptive measure of the electrogram fidelity and its true 

nature as to the native signal is highlighted herein. 

 

[114] Signal Anisotropy – Ephaptic Coupling 

[115] There are many contributions to the resultant signal shown by the electrogram, we mention two of the 

organizing principles which if accounted for under the conventional method of capturing the electrogram 

clearly demonstrate the shortcomings of the prior art. The first principle of organizing the electrogram set is 

the ‘cable theory’ and the second principle of organizing the biopotential activity is the ability of the 

representation system to account for the complementary ‘magnetic vector’ impact on the ionic cellular matrix. 

In both of these principles and their accompanying observations, no filtering methods of any sort improve the 

native fidelity of the signal. It is further shown by observations and analytical methods that any attempts to 

reconstruct such activity artificially by post-programming activity are doomed to fail, as these inherent 

bioelectrical activities (ephaptic, electromagnetic) are fundamental elements of the native signal.  Ephaptic 

coupling is a form of communication within the nervous system and is distinct from direct communication 

systems like electrical synapses and chemical synapses. It may refer to the coupling of adjacent (touching) 

nerve fibers caused by the exchange of ions between the cells, or it may refer to coupling of nerve fibers as a 

result of local electric fields.  Simply stated, the cable theory representation is an ideal depiction of the 

conditions generating the biopotential cellular avalanche, and it properly accounts for and describes the 

isotropic influences, but lacks the ability to discern influences such as magnetic heart vector and ephaptic 

coupling.   

[116] Ephaptic coupling can’t be ‘washed’ out by some filtering; its effects must be accounted for by 

measuring its influence on the conduction path. This major drawback of the prior art, whereby the dynamics of 

the ionic potential with the necessary fidelity mimicking the actual energetic event are not accounted for.  An 

example of such influence is the contribution of the cardiac gap junctions which play a pivotal role for the 

velocity of impulse propagation in cardiac tissue. Under physiologic conditions, the specific sub-cellular 

distribution of gap junctions together with the tight packaging of the rod-shaped cardiomyocytes underlies 

anisotropic conduction, which is continuous at the macroscopic scale.  However, when breaking down the 

three-dimensional network of cells into linear single cell chains, gap junctions can be shown to limit axial 

current flow and to induce saltatory conduction at unchanged overall conduction velocities.  In two- and three-

dimensional tissue, these discontinuities disappear due to lateral averaging of the depolarizing current flow at 

the activation wavefront (S Rohr, “Role of gap junctions in the propagation of the cardiac action potential”, 

Cardiovasc Res (2004) 62 (2): 309-322). In this theory, the cellular path is represented as a cable, and hence it 

is referred to as “cable theory” (Lin & Keener, “Modeling electrical activity of myocardial cells incorporating 

the effects of ephaptic coupling”, PNAS. December 7, 2010; 107(49): 20935-20940), or the mathematical 
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secondly, in the further handicap caused by modeling the biopotential activity as a physical phenomenon, 

whereby excitable cells    are modeled by employing the cable theory with isotropic behavior. The use of 

electrodes and cable theory is a good approximation of idealized conditions of such energetic events, but suffers 

from the inability to associate accurately the intracardiac electrogram with a specific endocardial site which also 
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results in limitations when the creation of long linear lesions is required to modify the substrate, and when 

multiple isthmuses or “channels” are present. Additionally, since in conventional endocardial mapping a single 
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especially in the central nervous system and within cardiac tissue, where micro-histological features may play 

an essential role in shaping physiological responses. 

[113] The first and far most assumption of electrophysiological mapping is the notion of linearity as well as 

homogeneous conduction path, both are refuted in light of the clinical observation associated with ephaptic 

coupling effect on the conduction path well as magnetic heart vector anisotropy, both affect the ECG 

Patent 
PHA3.PAU.63 

 

20 
 

representation and its informative content. The corruptive measure of the electrogram fidelity and its true 

nature as to the native signal is highlighted herein. 

 

[114] Signal Anisotropy – Ephaptic Coupling 

[115] There are many contributions to the resultant signal shown by the electrogram, we mention two of the 

organizing principles which if accounted for under the conventional method of capturing the electrogram 

clearly demonstrate the shortcomings of the prior art. The first principle of organizing the electrogram set is 

the ‘cable theory’ and the second principle of organizing the biopotential activity is the ability of the 

representation system to account for the complementary ‘magnetic vector’ impact on the ionic cellular matrix. 

In both of these principles and their accompanying observations, no filtering methods of any sort improve the 

native fidelity of the signal. It is further shown by observations and analytical methods that any attempts to 

reconstruct such activity artificially by post-programming activity are doomed to fail, as these inherent 

bioelectrical activities (ephaptic, electromagnetic) are fundamental elements of the native signal.  Ephaptic 

coupling is a form of communication within the nervous system and is distinct from direct communication 

systems like electrical synapses and chemical synapses. It may refer to the coupling of adjacent (touching) 

nerve fibers caused by the exchange of ions between the cells, or it may refer to coupling of nerve fibers as a 

result of local electric fields.  Simply stated, the cable theory representation is an ideal depiction of the 

conditions generating the biopotential cellular avalanche, and it properly accounts for and describes the 

isotropic influences, but lacks the ability to discern influences such as magnetic heart vector and ephaptic 

coupling.   

[116] Ephaptic coupling can’t be ‘washed’ out by some filtering; its effects must be accounted for by 

measuring its influence on the conduction path. This major drawback of the prior art, whereby the dynamics of 

the ionic potential with the necessary fidelity mimicking the actual energetic event are not accounted for.  An 

example of such influence is the contribution of the cardiac gap junctions which play a pivotal role for the 

velocity of impulse propagation in cardiac tissue. Under physiologic conditions, the specific sub-cellular 

distribution of gap junctions together with the tight packaging of the rod-shaped cardiomyocytes underlies 

anisotropic conduction, which is continuous at the macroscopic scale.  However, when breaking down the 

three-dimensional network of cells into linear single cell chains, gap junctions can be shown to limit axial 

current flow and to induce saltatory conduction at unchanged overall conduction velocities.  In two- and three-

dimensional tissue, these discontinuities disappear due to lateral averaging of the depolarizing current flow at 

the activation wavefront (S Rohr, “Role of gap junctions in the propagation of the cardiac action potential”, 

Cardiovasc Res (2004) 62 (2): 309-322). In this theory, the cellular path is represented as a cable, and hence it 

is referred to as “cable theory” (Lin & Keener, “Modeling electrical activity of myocardial cells incorporating 

the effects of ephaptic coupling”, PNAS. December 7, 2010; 107(49): 20935-20940), or the mathematical 
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modeling of bioelectrical current along passive neuronal fibers. Existing hardware employing electrode 

technology, coupled with the general algorithmic representation of the biopotential dynamics under such theory 

(both hardware and cable theory) suffer from the above-mentioned limitations, which are eliminated by the use 

of a local amplifier, such as a Huygens™ sensor array, and its method of map reconstruction. 

[117] As outlined above the effect of ephaptic coupling as an inherent  source of anisotropic behavior, 

impacts the conduction path of the bioelectric signal and its influence, and is well expressed in cases such as 

described in Fig. 11 (Mori Y, et al., “Ephaptic conduction in a cardiac strand model with 3D Electrodiffusion”, 

Proc Natl Acad Sci U S A. 2008 Apr 29;105(17):6463-8). This and other examples in vitro, as well as in vivo 

animal studies, demonstrate that conduction velocity and gap junction parametrics play a significant role in 

the formation of the conduction path and its origin, and can be shown as the result of the etiology of the cellular 

matrix change due to fibrotic formation. The ephaptic coupling is only one argument out of many cited 

above in support of our advocacy of using the Huygens™ sensor array in acquiring the biopotential signal. The 

use of impedance spectroscopy in the form of a Huygens™ sensor array provides for accurate representation of 

the bioelectric signal; due to its inherent electrical characteristics.  

 

[118] Signal Anisotropy, Modeling Bipotential Activity with the Poynting Energy Vector (PEV) 

[119] According to the present disclosure the analytical relationship between conduction path and the 

vectorial representation of anisotropic influence of the magnetic dipole vector on the conduction path provides a 

better determination of cardiac function. The behavior of the Poynting energy vector (PEV) shows that a 

representation of the ECG signal with its post-processing modality is a very crude approximation of the native 

bioelectric signal.  The argument relating to the ephaptic coupling influence on the conduction velocity is 

supplemented by the magnetic heart vector’s (MHV) contribution to the conduction path geometry and its 

timing, including synchronicity.  Analytical evidence for anisotropy is noted when we employ Maxwell's 

equation. The data analysis and extraction of additional diagnostic (and as a corollary, the pathological 

diagnostic) information of the substrate is revealed when we create a map as shown in Fig. 8, where we 

superimpose the electric and energy waves as shown in a SPICE simulation (Simulation Program with 

Integrated Circuit Emphasis) converging the electric with the magnetic heart vector influence by computing 

impedance (Z) value generated from the substrate.  The rightmost panel in Fig. 8 is a map of the heart 

conductivity paths.  A central green arrow path maps out the path of a heathy patient having no anisotropies in 

the heart conduction pathway.  The ECG map shown in the center panel of Fig. 8 is a map of the electrical heart 

wave in the cardiac field as marked by the pathway of black arrows.  These two traces are superimposed on 

each other in the leftmost panel in Fig. 8 where it can be seen that the energy or PEV wave marked by the 

orange arrows diverges at a point from the electrical wave given by the ECG map.  The point of divergence of 

the two pathways indicates an anisotropy in between the direction of energy flow of the heart wave and the 

Patent 
PHA3.PAU.63 

 

22 
 

electric wavefront flow of the heart wave.  This is indicative of the phase shift from orthogonally between the 

electrical and magnetic wave components in the heart wave.  The anisotropy may be a site of scar tissue or a 

rotor, which is the cause of AF and if ablated may result in eradication of AF.  Ablation then only at the points 

of divergence indicated in the superimposition diagram of Fig. 8 results in a electrophysiological directed or 

optimal ablation procedure characterized by reduced procedure time and increase efficacy.   

[120] The measure of impedance is derived from an injection of a small current via the AC circuit to obtain a 

measure of conductivity of the tissue.  Measuring the potential in microvolt- millivolt range we can estimate the 

anisotropic verses the isotropic wave conduction path.  Since the conductivity of the medium is a representation 

of the conduction path, and if no fibrotic tissue-insulator or scar tissue is on the conduction path, the wave form 

travel path will follow a zero-phase shift (beta-90 degree will equal =0).  But the conduction path in Fig. 8 did 

not follow the conductivity measure, hence there will be a phase shift of Beta – 90 degrees > 0. 

[121] The measure of impedance is a form of injecting a small current via an AC circuit to obtain a measure 

of conductivity of the measured tissue.  Measuring the potential in microvolt- millivolt range, we can estimate 

the anisotropic verses the isotropic wave conduction path.  Since the conductivity of the tissue medium is a 

representation of the conduction path, and if no fibrotic tissue-insulator or scar tissue is in the conduction path, 

the waveform travel path will follow a zero-phase shift (beta-90 degree will equal =0).  But if the conduction 

path does not follow the measured conductivity, there will be a phase shift of beta – 90 degrees greater than 0. 

[122] To overcome the measurement limitations and supplement the clear clinical findings of myocardial 

anisotropy, we observed that simultaneous localization and mapping (SLAM)  magnetic fields during the 

cellular activation sequence uncovers the magnetic heart vector (MHV) by computing a vector    derived from 

Maxwell's equations, a process of data collection available only if we    derive the PEV from the impedance 

vector (Z) using the Huygens™ sensor array supplemented with a computational algorithm.  Clinical 

observations reported (J. Malmivuo, et al. “Bioelectromagnetism”, Oxford University Press 1995) that 

measuring the angle between vectors of an equivalent electric dipole (electric heart vector, EHV) and magnetic 

heart vector or dipole (MHV) provides significant corollary information about   the myocardium conductivity. 

The overall anisotropic case of the myocardium conductivity is represented by a tensor (Gerardo I et al., 

“Knowledge-based tensor anisotropic diffusion of cardiac magnetic resonance images”, Medical Image 

Analysis (1999) volume 3, number 2, pp 1–25: Oxford University Press). The degree of anisotropic 

conductivity manifestation is characterized by the angle along the transverse and axial conductivity paths. 

[123] The solution for measuring and deriving the relationship between the EHV and its respective MHV, 

which supplements the analytical mapping with information about the myocardium conductivity and 

anisotropy, is derived from Maxwell's equation as the PEV. The PEV is constructed from the potential and 

impedance vectors of the measurements. In one application of the Huygens™ sensor array, a mapping catheter 
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modeling of bioelectrical current along passive neuronal fibers. Existing hardware employing electrode 

technology, coupled with the general algorithmic representation of the biopotential dynamics under such theory 

(both hardware and cable theory) suffer from the above-mentioned limitations, which are eliminated by the use 

of a local amplifier, such as a Huygens™ sensor array, and its method of map reconstruction. 

[117] As outlined above the effect of ephaptic coupling as an inherent  source of anisotropic behavior, 

impacts the conduction path of the bioelectric signal and its influence, and is well expressed in cases such as 

described in Fig. 11 (Mori Y, et al., “Ephaptic conduction in a cardiac strand model with 3D Electrodiffusion”, 

Proc Natl Acad Sci U S A. 2008 Apr 29;105(17):6463-8). This and other examples in vitro, as well as in vivo 

animal studies, demonstrate that conduction velocity and gap junction parametrics play a significant role in 

the formation of the conduction path and its origin, and can be shown as the result of the etiology of the cellular 

matrix change due to fibrotic formation. The ephaptic coupling is only one argument out of many cited 

above in support of our advocacy of using the Huygens™ sensor array in acquiring the biopotential signal. The 

use of impedance spectroscopy in the form of a Huygens™ sensor array provides for accurate representation of 

the bioelectric signal; due to its inherent electrical characteristics.  

 

[118] Signal Anisotropy, Modeling Bipotential Activity with the Poynting Energy Vector (PEV) 

[119] According to the present disclosure the analytical relationship between conduction path and the 

vectorial representation of anisotropic influence of the magnetic dipole vector on the conduction path provides a 

better determination of cardiac function. The behavior of the Poynting energy vector (PEV) shows that a 

representation of the ECG signal with its post-processing modality is a very crude approximation of the native 

bioelectric signal.  The argument relating to the ephaptic coupling influence on the conduction velocity is 

supplemented by the magnetic heart vector’s (MHV) contribution to the conduction path geometry and its 

timing, including synchronicity.  Analytical evidence for anisotropy is noted when we employ Maxwell's 

equation. The data analysis and extraction of additional diagnostic (and as a corollary, the pathological 

diagnostic) information of the substrate is revealed when we create a map as shown in Fig. 8, where we 

superimpose the electric and energy waves as shown in a SPICE simulation (Simulation Program with 

Integrated Circuit Emphasis) converging the electric with the magnetic heart vector influence by computing 

impedance (Z) value generated from the substrate.  The rightmost panel in Fig. 8 is a map of the heart 

conductivity paths.  A central green arrow path maps out the path of a heathy patient having no anisotropies in 

the heart conduction pathway.  The ECG map shown in the center panel of Fig. 8 is a map of the electrical heart 

wave in the cardiac field as marked by the pathway of black arrows.  These two traces are superimposed on 

each other in the leftmost panel in Fig. 8 where it can be seen that the energy or PEV wave marked by the 

orange arrows diverges at a point from the electrical wave given by the ECG map.  The point of divergence of 

the two pathways indicates an anisotropy in between the direction of energy flow of the heart wave and the 
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electric wavefront flow of the heart wave.  This is indicative of the phase shift from orthogonally between the 

electrical and magnetic wave components in the heart wave.  The anisotropy may be a site of scar tissue or a 

rotor, which is the cause of AF and if ablated may result in eradication of AF.  Ablation then only at the points 

of divergence indicated in the superimposition diagram of Fig. 8 results in a electrophysiological directed or 

optimal ablation procedure characterized by reduced procedure time and increase efficacy.   

[120] The measure of impedance is derived from an injection of a small current via the AC circuit to obtain a 

measure of conductivity of the tissue.  Measuring the potential in microvolt- millivolt range we can estimate the 

anisotropic verses the isotropic wave conduction path.  Since the conductivity of the medium is a representation 

of the conduction path, and if no fibrotic tissue-insulator or scar tissue is on the conduction path, the wave form 

travel path will follow a zero-phase shift (beta-90 degree will equal =0).  But the conduction path in Fig. 8 did 

not follow the conductivity measure, hence there will be a phase shift of Beta – 90 degrees > 0. 

[121] The measure of impedance is a form of injecting a small current via an AC circuit to obtain a measure 

of conductivity of the measured tissue.  Measuring the potential in microvolt- millivolt range, we can estimate 

the anisotropic verses the isotropic wave conduction path.  Since the conductivity of the tissue medium is a 

representation of the conduction path, and if no fibrotic tissue-insulator or scar tissue is in the conduction path, 

the waveform travel path will follow a zero-phase shift (beta-90 degree will equal =0).  But if the conduction 

path does not follow the measured conductivity, there will be a phase shift of beta – 90 degrees greater than 0. 

[122] To overcome the measurement limitations and supplement the clear clinical findings of myocardial 

anisotropy, we observed that simultaneous localization and mapping (SLAM)  magnetic fields during the 

cellular activation sequence uncovers the magnetic heart vector (MHV) by computing a vector    derived from 

Maxwell's equations, a process of data collection available only if we    derive the PEV from the impedance 

vector (Z) using the Huygens™ sensor array supplemented with a computational algorithm.  Clinical 

observations reported (J. Malmivuo, et al. “Bioelectromagnetism”, Oxford University Press 1995) that 

measuring the angle between vectors of an equivalent electric dipole (electric heart vector, EHV) and magnetic 

heart vector or dipole (MHV) provides significant corollary information about   the myocardium conductivity. 

The overall anisotropic case of the myocardium conductivity is represented by a tensor (Gerardo I et al., 

“Knowledge-based tensor anisotropic diffusion of cardiac magnetic resonance images”, Medical Image 

Analysis (1999) volume 3, number 2, pp 1–25: Oxford University Press). The degree of anisotropic 

conductivity manifestation is characterized by the angle along the transverse and axial conductivity paths. 

[123] The solution for measuring and deriving the relationship between the EHV and its respective MHV, 

which supplements the analytical mapping with information about the myocardium conductivity and 

anisotropy, is derived from Maxwell's equation as the PEV. The PEV is constructed from the potential and 

impedance vectors of the measurements. In one application of the Huygens™ sensor array, a mapping catheter 
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is used for biopotential sensing.  The phase difference β between the PEV and EHV is measured and is used to 

infer the features of anisotropy in the myocardium. The anisotropy of conductivity is uniform; that is to say, the 

change of activation energy generated and consumed by the ionic diffusion process is within the activation 

region of the measurement. The assumption is a healthy heart where there is no anisotropy in conduction path 

because the dielectric media formed by the excitable cells is uniform. Once scar tissue or fibrotic tissue is in the 

path, the permeability (μ) is changed, and the wave is shifted due to changed dielectric value.  Hence there is a 

capacitive load which delays and/or prevents electrical charge transfer.  Anisotropic shift is represented by the 

angle data of 90 deg – β. 

[124] Thus, the volumes of integration are accurate with a margin of error reduction based on independent 

statistical samplings of the measured site over multiple heartbeats. “Accurate” means that the statistical measure 

is the averaging of the waveform relative to the QRS clock registered by the electrogram.   

[125] The PEV derivation is based on the law of energy conservation when used for the time period over two 

QRS cycles to acquire the initial baseline data foundation to form the map. The validity of the PEV derivation 

is corroborated by the fact that the activation spread obeys a mathematical identity, namely the phase angle 

relationship between B (magnetic) and E (electrical) fields are at 90 degrees perpendicularity as defined by the 

formalism of Maxwell’s equations.  The PEV directly exhibits the E and B fields’ phase angle relationship. 

The integral form of Maxwell's equations leads to the PEV, and to the substitution of E and Z derivations of 

PEV. The following set of derivations from Maxwell's time dependent equations provides a formal basis for the 

clinical observations of a Huygens™ sensor array to derive the Z impedance vector, hence demonstrating that 

the conduction path is measurable. The inverse method, namely substituting the B (magnetic flux density) and 

the Z (impedance value) formally in the 2nd varying Maxwell equation, and with the resultant PEV (Poynting 

Energy Vector) further supports the argument that the nature of the resultant electrogram supplemented by the 

use of the Huygens™ sensor array enables a clinical derivation of PEV from Maxwell's equations. The 

availability of Z impedance vector is further evidence that the complex fractionated wavefront cannot be 

resolved by post-processing methodology as currently practiced by the use of conventional electrode 

technology. 

[126] The argument is shown below using Maxwell’s equations.  

[127] By multiplying B and E respectively and subtracting Equation (2) from (1) and using vector identities 

yields (3) and (4).  

[128]  (1)         

[129]            (2)         

[130]            (3)  
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[131]  (4)  

where ʕ is conductivity derived from the impedance measurement.  Subtracting, rearranging and using vector 

identities yields Eq. (5) which simplifies as Eq. (6)    

[132]  (5)  

[133]  (6)  

[134] Integrating both sides of Eq. (7) over the volume V and within the boundary Y gives (8), which is a 

representation of the energy equation in which the first term is the energy flux out of Y boundary of V. 

[135]  (7)  

   (8)  

[136]  The second term in Eq. (8) is the rate of change of the sum of the electric and magnetic fields; the third 

term is the rate of work within V done by the fields on the ionic charges. This third term in Eq. (8) assumes the 

inclusion of the energy of the multiple sources of cellular ionic charge           exchanges, thus (9) leads to the PEV, as 

shown in (11) where s below is the measurement of impedance value Z and a subsequent measurement of 

the position and orientation of the distal end of the Huygens catheter.  Such measurement yields the input 

data point (in a mapping system such as EnSite NavX of St. Jude as described in electroanatomical 

mapping by L. Gepstein and S. J.Evans:PMID “Electroanatomical Mapping of the Heart: Basic Concepts 

and Implications for The Treatment of Cardiac Arrythmias” where the position, orientation is performed  

by trilateration and the impedance by injection of ~2 millivolts of current to the endocardial tissue.  The 

value of DC potential, Impedance and position/orientation of the catheter distal end indicate whether the 

site of such measurement computed by equation (8), yields the value of displacement (measured by 

angular displacement) leading to the results as shown in equation  (12).  

[137]  (9)   where  

[138]  (10)   and   

[139]  (11)  

[140] The parameter of interest is the angle β between the electric field and energy field; Eq. (12).  

[141]  (12)  

[142] The vector E is obtained from energy vector field measurements by calculating the Z impedance vector; 

Eq. (11). By using the measured potentials Vm and by employing Poisson equation, the E electric field is 
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PEV. The following set of derivations from Maxwell's time dependent equations provides a formal basis for the 

clinical observations of a Huygens™ sensor array to derive the Z impedance vector, hence demonstrating that 

the conduction path is measurable. The inverse method, namely substituting the B (magnetic flux density) and 

the Z (impedance value) formally in the 2nd varying Maxwell equation, and with the resultant PEV (Poynting 

Energy Vector) further supports the argument that the nature of the resultant electrogram supplemented by the 

use of the Huygens™ sensor array enables a clinical derivation of PEV from Maxwell's equations. The 

availability of Z impedance vector is further evidence that the complex fractionated wavefront cannot be 

resolved by post-processing methodology as currently practiced by the use of conventional electrode 

technology. 
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[131]  (4)  

where ʕ is conductivity derived from the impedance measurement.  Subtracting, rearranging and using vector 

identities yields Eq. (5) which simplifies as Eq. (6)    
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[134] Integrating both sides of Eq. (7) over the volume V and within the boundary Y gives (8), which is a 

representation of the energy equation in which the first term is the energy flux out of Y boundary of V. 

[135]  (7)  

   (8)  

[136]  The second term in Eq. (8) is the rate of change of the sum of the electric and magnetic fields; the third 

term is the rate of work within V done by the fields on the ionic charges. This third term in Eq. (8) assumes the 

inclusion of the energy of the multiple sources of cellular ionic charge           exchanges, thus (9) leads to the PEV, as 

shown in (11) where s below is the measurement of impedance value Z and a subsequent measurement of 

the position and orientation of the distal end of the Huygens catheter.  Such measurement yields the input 

data point (in a mapping system such as EnSite NavX of St. Jude as described in electroanatomical 

mapping by L. Gepstein and S. J.Evans:PMID “Electroanatomical Mapping of the Heart: Basic Concepts 

and Implications for The Treatment of Cardiac Arrythmias” where the position, orientation is performed  

by trilateration and the impedance by injection of ~2 millivolts of current to the endocardial tissue.  The 

value of DC potential, Impedance and position/orientation of the catheter distal end indicate whether the 

site of such measurement computed by equation (8), yields the value of displacement (measured by 

angular displacement) leading to the results as shown in equation  (12).  

[137]  (9)   where  

[138]  (10)   and   

[139]  (11)  

[140] The parameter of interest is the angle β between the electric field and energy field; Eq. (12).  

[141]  (12)  

[142] The vector E is obtained from energy vector field measurements by calculating the Z impedance vector; 

Eq. (11). By using the measured potentials Vm and by employing Poisson equation, the E electric field is 
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obtained, Eq. (10). Then, the PEV can be written as Eq. (11). The E vector and impedance Z can be 

calculated from the measured data points. The value obtained by the use of this mathematical procedure, 

, indicates the maximal displacement between the magnetic heart vector (MHV) and the electric 

field.  Such data is used to compute MHV- (which otherwise couldn’t be measured directly), but by the use of 

the Poynting Energy Vector (PEV) technique, it is derived, thereby enabling the computation of the 

displacement of the MEV from its E electric field-  using equation 10, the Poisson equation). 

 

[143] It should be noted that such derivation is possible only by the use of the impedance value Z measured 

by the Huygens sensor array, and its preferred embodiment where position and orientation of the catheter distal 

end is captured in a tuple including time, DC potential, impedance, and the vector position/orientation of the 

catheter, thereby performing the mathematical operation noted above by identifying the maximal displacement 

of the MHV and its location, thereafter enabling a therapeutic procedure to correct the possible arrhythmogenic 

cause for a pacing disturbance. 

[144]  This is where the use of the Huygens™ sensor array plays the role of uncovering the substrate using 

the calculated impedance value Z which is used to plot the conduction path generated by the secondary effects 

associated with ephaptic coupling and the magnetic heart vector (MHV), both of which are inherent 

characteristics of the underlying substrate and cannot be manipulated by employment of    post–processing 

filtering techniques. One can further calculate the angle β between the E field and E energy vector, where the 

difference is such that a display of the PEV energy vector is useful for cardiac disorder identification.  The 

measurements of PEV energy data and Z conductivity data are collected from the electrocardiographic mapping 

and ablation catheter for further processing and display of the resultant anisotropic data, enhancing the current 

method. The PEV indicates that there is a flux of energy where E and B are simultaneously present. The spread 

of the energy flux in the case of Maxwell's derivation is further defined by the wave equation (13).  

[145]  (13)    

[146] Taking the curl of each side, Eq. (14), yields Eq. (15), which is the wave equation (16). 

[147]  (14)  

[148]  (15)  

[149]  (16)    

[150] Utilizing the above-described technique, the electrophysiological map can be accurately tailored using 

post-processing methodologies, such as diffusion tensor and geometric representation (e.g., Ricci flow 

geometry).  (I Bakas, “The algebraic structure of geometric flows in two dimensions”, 2005; V Ivancevic, 
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“Ricci Flow and Nonlinear Reaction–Diffusion Systems in Biology”, Chemistry and Physics. 2011.)  The data 

generated by the Huygens™ sensory array, in contrast, can serve to enhance the existing formation of 

electrophysiological maps and provide substantial improvement in the art of biopotential measurement and 

analysis. 

[151] The resulting angular displacement of the MHV is then graphically indicated in the mapping created 

within the EnSite NavX and it is schematically illustrated by Fig. 8, where the measured Z impedance value is 

mapped using SPICE simulation against the electric potential and the magnetic heart vector. The resulting  data 

collection shown in Fig. 8 is then graphically superimposed over the electroanatomical map generated by the 

use of EnSite NavX® system (Endocardial Solutions, St. Jude Medical, Inc., St. Paul, MN, USA). The 

geometrical site(s) indicating the position of a divergence between the electric field (E) and the magnetic field 

(B) are then graphically displayed as focal points and indicated by the graphic as “energy and E vector display” 

and marked as “a problem” in Fig 8. This schematic representation enables a diagnostic site for the operator to 

evaluate the treatment modality necessary such as it is customarily  employed , namely a therapeutic application 

of ablation is employed to eliminate the focal sites of the pacing disturbance. 

[152] The use of the Huygens™ sensor array for mapping of   electrophysiological attributes is centered on 

the formation of a junction by bipolar    electrodes/pads between the cellular matrix and the contact surface of 

the bioelectrical signals generated by nerves and muscles, recorded as potentials, voltages, and    electrical field 

strengths.  The measurements involve voltages at very low levels, typically in the vast range from 1µV–

100mV, with high source impedances and superimposed high level interference signals and noise. Furthermore, 

the signals are amplified for compatibility with devices such as displays, recorders, or A/D converters    for 

computerized equipment. To adequately measure these signals, an amplifier must satisfy very specific 

requirements: (1) to provide selective amplification to the physiological signal, and (2) to reject superimposed 

noise and interference signals. 
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generated by the Huygens™ sensory array, in contrast, can serve to enhance the existing formation of 

electrophysiological maps and provide substantial improvement in the art of biopotential measurement and 
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414

07 



Patent 
PHA3.PAU.63 

 

27 
 

[153]  

[154] Local Amplifier Huygens Biopotential Measurements 

[155] The basic requirements that a biopotential amplifier such as the Huygens™ sensor array and its catheter 

structure must satisfy are: (1) The physiological process to be monitored should not be influenced in any way 

by the amplifier.  No galvanic contact exists between the cellular surface and the conducting part   of the 

sensor, thus preventing the occurrence   of any Faradic current.  (2) The measured signal should not be distorted.  

Ephaptic coupling as well as PEV must be accounted for by synchronously measuring such effects with 

suitable quality by the Huygens™ sensor array.  (3)  The amplifier should provide the best possible separation 

of signal and interferences.  Near-field versus far-field phenomenon must be separated by mining the inherent 

differentiating elements without averaging such contributions.  (4)  The amplifier must offer protection to the 

patient from any hazard of electrical shock, such as using isolated FET and circuit architecture.  (5) The 

amplifier itself has to be protected against damage that might result from high input voltages as they occur 

during the application of defibrillators or electrosurgical instrumentation and application of RF energy during 

ablation. 

[156] A fundamental aspect of clinical EP, the discipline of diagnosing and treating cardiac arrhythmias, is 

the interpretation of intracardiac electrical signal electrograms. All EGMs represent a voltage difference 

between two electrodes, whether the electrodes are in close proximity (e.g., bipolar EGMs) or at a relatively 

great or theoretically infinite distance (e.g., unipolar EGMs).  A major disadvantage of unipolar recordings is 

that they contain a significant amount of “far-field” signal, i.e.: signals generated by depolarization of tissue 

remote from the recording electrode.  The near-field signal exhibits a decay to zero potential along the X-axis, 

while the  far-field indicates that the signal does not decay to zero potential, and is asymptotically parallel to the 

X-axis.  Hence the use of the Huygens™ local amplifier with its variable resistor and ground at the site of 

measurement enables a clean separation between the far-field and near-field contribution to prevent the 

averaging of the resultant signal from the native measured potential. This advantage has an enormous 

contribution to the diagnostic value of the electrogram and can clearly improve the behavior of the ICD leads’ 

optimal performance when detecting such a composite signal. 

[157] For example, EGMs from pulmonary vein ostia frequently manifest large far-field atrial signals 

recorded from regions that are at the border between the atrium and the pulmonary vein. Separating the signal of 

interest, in this case the pulmonary vein fiber potential (high-frequency signal) from the far-field atrial signal, 

which is a lower-frequency, and usually much larger signal, can sometimes be difficult, and requires pacing 

maneuvers and empirical RF energy application. In addition, differences in electrode sizes, for example a large 

ablation distal electrode compared to a smaller proximal electrode, might exaggerate the potential differences 

between the two electrodes and distort the resultant EGM signal amplitude, which is important for recording 

Patent 
PHA3.PAU.63 

 

28 
 

scar voltage. In addition, the direction of wavefront propagation influences the amplitude of the bipolar EGM, 

but not that of the unipolar EGM. Theoretically, a wavefront that propagates in a direction that is exactly 

perpendicular to the axis of the recording dipole would produce no potential difference, hence no EGM signal. 

The clinical significance of this scenario in mapping scarred tissue is unknown, as these maps are dependent on 

displaying areas of low voltage as areas of scarred myocardium. 

[158] Prior art intracardiac recording techniques, while they have served the clinician and basic scientists 

reasonably well over the past three to four decades, suffer from several inherent limitations, which this patent 

collection seeks to address, such as: (1) By the very nature of utilizing electrodes connected by long cables to a 

distant differential amplifier, these systems are subject to line “noise,” ambient EMI, cable motion 

artifacts, and faulty connections.  (2)  Local signals are subject to recording of far-field signals, which at times 

render the interpretation of complex, rapid arrhythmias very difficult, if not impossible.  (3)  The conflation of 

far-field and signals of real interest, such as pulmonary vein fiber potentials, accessory pathway signals, and 

slow pathway potentials, can sometimes be the cause of failed ablations. The ability to record local electric 

activity with great precision and to the exclusion of far-field signals would be of paramount importance.  (4) 

Current recording systems frequently cannot differentiate low-amplitude, high- frequency signals from 

background noise. Extremely low-amplitude signals, such as those generated during slow conduction within a 

myocardial scar, are frequently missed or lost in the background noise when amplifier gain is made sufficiently 

high to attempt to record such signals.  (5)  Continuous, low amplitude, fractionated high-frequency signals 

such as those frequently seen in the atria of patients with chronic atrial fibrillation, cannot be further 

characterized using existing recording technologies. These signals may contain important biologic and 

electrophysiologic information. For example, these signals may represent important areas of scarring that are 

responsible for formation of rotors. Alternatively, they may be manifesting discharges from contiguous 

epicardial parasympathetic ganglionated plexi. 

[159] In a near-field waveform the potential decreases monotonously with distance from the source, whereas 

an overlying far field source is constant and non-vanishing, representing the difference in potential between 

far-field and near-field (Cracco RQ, et al. “Somatosensory Evoked in Man: Far-field Potentials.” Electroenceph 

Clin Neurophysiol 1976; 41:460-46). This difference between the waveform relative to the distance does not 

decrease over time, and can be subtracted by using a fast-acting local bipolar measurement available through 

the use of the Huygens™ sensor array. 

[160] In conclusion, the limitations in the prior art of electrode technology indicate the need to supplement 

the existing technology with a local amplifier technology, such as exhibited in the use of the Huygens™ sensor 

array. The Huygens sensor array may be geometrically configured as unipolar, bipolar, quadripolar, decapolar, 

and other linear arrays, and optionally as, for example, an 8x8 sensor matrix placed on a basket- or balloon-like 

structure, as well as incorporated into other related devices in various arrayed and matricular configurations. 
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[153]  
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amplifier itself has to be protected against damage that might result from high input voltages as they occur 
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X-axis.  Hence the use of the Huygens™ local amplifier with its variable resistor and ground at the site of 

measurement enables a clean separation between the far-field and near-field contribution to prevent the 

averaging of the resultant signal from the native measured potential. This advantage has an enormous 

contribution to the diagnostic value of the electrogram and can clearly improve the behavior of the ICD leads’ 

optimal performance when detecting such a composite signal. 

[157] For example, EGMs from pulmonary vein ostia frequently manifest large far-field atrial signals 

recorded from regions that are at the border between the atrium and the pulmonary vein. Separating the signal of 

interest, in this case the pulmonary vein fiber potential (high-frequency signal) from the far-field atrial signal, 

which is a lower-frequency, and usually much larger signal, can sometimes be difficult, and requires pacing 

maneuvers and empirical RF energy application. In addition, differences in electrode sizes, for example a large 

ablation distal electrode compared to a smaller proximal electrode, might exaggerate the potential differences 

between the two electrodes and distort the resultant EGM signal amplitude, which is important for recording 
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but not that of the unipolar EGM. Theoretically, a wavefront that propagates in a direction that is exactly 

perpendicular to the axis of the recording dipole would produce no potential difference, hence no EGM signal. 

The clinical significance of this scenario in mapping scarred tissue is unknown, as these maps are dependent on 
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[161] These applications of the Huygens™ sensor technology offer great potential in the furthering of 

electrophysiological studies, including the understanding of the mechanisms of complex arrhythmias. 

[162] Many alterations and modifications may be made by those having ordinary skill in the art without 

departing from the spirit and scope of the embodiments. Therefore, it must be understood that the illustrated 

embodiment has been set forth only for the purposes of example and that it should not be taken as limiting the 

embodiments as defined by the following embodiments and its various embodiments.  

[163] Therefore, it must be understood that the illustrated embodiment has been set forth only for the 

purposes of example and that it should not be taken as limiting the embodiments as defined by the following 

claims.  For example, notwithstanding the fact that the elements of a claim are set forth below in a certain 

combination, it must be expressly understood that the embodiments include other combinations of fewer, more 

or different elements, which are disclosed in above even when not initially claimed in such combinations.  A 

teaching that two elements are combined in a claimed combination is further to be understood as also allowing 

for a claimed combination in which the two elements are not combined with each other, but may be used alone 

or combined in other combinations.  The excision of any disclosed element of the embodiments is explicitly 

contemplated as within the scope of the embodiments.   

[164] The words used in this specification to describe the various embodiments are to be understood not only 

in the sense of their commonly defined meanings, but to include by special definition in this specification 

structure, material or acts beyond the scope of the commonly defined meanings.  Thus, if an element can be 

understood in the context of this specification as including more than one meaning, then its use in a claim must 

be understood as being generic to all possible meanings supported by the specification and by the word itself.   

[165] The definitions of the words or elements of the following claims are, therefore, defined in this 

specification to include not only the combination of elements which are literally set forth, but all equivalent 

structure, material or acts for performing substantially the same function in substantially the same way to obtain 

substantially the same result.  In this sense it is therefore contemplated that an equivalent substitution of two or 

more elements may be made for any one of the elements in the claims below or that a single element may be 

substituted for two or more elements in a claim.  Although elements may be described above as acting in certain 

combinations and even initially claimed as such, it is to be expressly understood that one or more elements from 

a claimed combination can in some cases be excised from the combination and that the claimed combination 

may be directed to a subcombination or variation of a subcombination. 

[166] Insubstantial changes from the claimed subject matter as viewed by a person with ordinary skill in the 

art, now known or later devised, are expressly contemplated as being equivalently within the scope of the 

claims.  Therefore, obvious substitutions now or later known to one with ordinary skill in the art are defined to 

be within the scope of the defined elements.   
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[167] The claims are thus to be understood to include what is specifically illustrated and described above, 

what is conceptionally equivalent, what can be obviously substituted and also what essentially incorporates the 

essential idea of the embodiments.
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[167] The claims are thus to be understood to include what is specifically illustrated and described above, 

what is conceptionally equivalent, what can be obviously substituted and also what essentially incorporates the 

essential idea of the embodiments.
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What is claimed is: 

 

1. An improvement in a method of sensing biopotentials in tissue comprising: 

 providing a Huygens sensor array characterized by native biopotential signal sensing with local 

amplification and signal processing at or proximate to electrode signal pickup; and 

 sensing the native electrical biopotential signal using at least one electrode  on the Huygens catheter to 

generate a well-formed waveform of the biopotential showing electrical properties indicative of the tissue with 

a SFDR of at least 24.9dB and SNR of at least -13dB. 

 

2. The method of claim 1 where the tissue comprises cardiac tissue and where the biopotential signal 

comprises a native cardiac waveform. 

 

3. The method of claim 1 where the biopotential signal comprises a manifestation of underlying 

electrochemical activity of a biological substrate corresponding to the tissue. 

 

4. The method of claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises an energetic event characterized by vectorial direction and 

magnitude.  

5. The method of  claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises a representation of  underlying substrate composition of the 

tissue. 

 

6. The method of claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises a biopotential measurement using the Huygens sensor array to 

generate a representation of the energy contents on the spatial and time domains of a complex cardiac 

waveform, leading to a recursive relationship between a graphical representation of the cardiac waveform and 

an underlying biopotential substrate which is a source of the cardiac waveform. 

 

7. The method of claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises a mapping technique which characterizes global dynamics of 

cardiac wavefront activation based on cellular etiology and corresponding dielectric (κ) and conductivity (σ) 
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What is claimed is: 

 

1. An improvement in a method of sensing biopotentials in tissue comprising: 

 providing a Huygens sensor array characterized by native biopotential signal sensing with local 

amplification and signal processing at or proximate to electrode signal pickup; and 

 sensing the native electrical biopotential signal using at least one electrode  on the Huygens catheter to 

generate a well-formed waveform of the biopotential showing electrical properties indicative of the tissue with 

a SFDR of at least 24.9dB and SNR of at least -13dB. 

 

2. The method of claim 1 where the tissue comprises cardiac tissue and where the biopotential signal 

comprises a native cardiac waveform. 

 

3. The method of claim 1 where the biopotential signal comprises a manifestation of underlying 

electrochemical activity of a biological substrate corresponding to the tissue. 

 

4. The method of claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises an energetic event characterized by vectorial direction and 

magnitude.  

5. The method of  claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises a representation of  underlying substrate composition of the 

tissue. 

 

6. The method of claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises a biopotential measurement using the Huygens sensor array to 

generate a representation of the energy contents on the spatial and time domains of a complex cardiac 

waveform, leading to a recursive relationship between a graphical representation of the cardiac waveform and 

an underlying biopotential substrate which is a source of the cardiac waveform. 

 

7. The method of claim 3 where the manifestation of underlying electrochemical activity of a biological 

substrate corresponding to the tissue comprises a mapping technique which characterizes global dynamics of 

cardiac wavefront activation based on cellular etiology and corresponding dielectric (κ) and conductivity (σ) 
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characteristics of the tissue representing complex inter-relationships of avalanche dynamics translated through a 

measured myocardial space arising from spatial and temporal ionic potentials measured by a local amplifier 

Huygens sensor array. 

 

8. The method of claim 1 where sensing a native electrical biopotential signal using at least one electrode 

on a catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens 

sensor array comprises sensing by performing impedance spectroscopy. 

 

9. The method of claim 1 where sensing a native electrical biopotential signal using at least one electrode 

on a catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens 

sensor array comprises sensing an energetic event represented by the native electrical biopotential signal in the 

tissue by relating its inherent characteristics of time, magnitude and direction without post-processing of the 

native electrical biopotential signal. 

 

10. The method of claim 1 where sensing a native electrical biopotential signal using at least one electrode 

on a catheter with an amplifier circuit placed on the inner surface of the at least one electrode in the Huygens 

sensor array comprises sensing the native electrical potential signal using a local amplifier which acts as 

variable resistor with an on-site electrical ground, which ground is not subject to  noise  pickup to improve 

signal-to-noise ratio (SNR), spurious-free dynamic range  (SFDR), signal fidelity, sampling rate, bandwidth, and 

differentiation of far-field from near- field components of the sensed native electrical potential signal. 

 

11. The method of  claim 1 further comprising using the Huygens sensor array with a conventional 

mapping station without alteration of the mapping station. 

 

12. The method of  claim 1 further comprising detecting an energetic event in the tissue using the 

Huygens™ sensor  array to generate an ensemble vector map to characterize spatiotemporal organization of  

cardiac  fibrillation. 

 

13. The method of  claim 1 further comprising using the Huygens™ sensor array with a predetermined 

geometric configurations, including bipolar, quadripolar, decapolar, or any array with 64 or more electrodes, to 

enable a plurality of electrodes to simultaneously capture a complex electro-potential energetic event, with an 

improved SNR and sampling rate commensurable with a bandwidth and accuracy in a spatio-temporal domain.  
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14. The method of claim 1 further comprising capturing bioelectric potential data, which is anchored in a 

measurement that reveals the physical nature of a biological substrate’s electrical properties of underlying tissue 

to allow for interpretation of the phenomenological expression of an electrogram (EGM) and its graphical 

representation in the context of an energetic event, based on the dielectric (κ) and conductivity (σ) 

measurements of underlying tissue. 

 

15. The method of claim 1 further comprising connecting an electroanatomical map with an inherent 

physical relationship between an energy transfer function and its causal dependency on a substrate tissue as 

represented by an electrogram by using a Huygens™ sensor array for conducting an electrophysiological study. 

 

16. The method of  claim 1 further comprising connecting phenomenological  data with clinical observation 

so that electrical properties of a conduction path within a cardiac substrate and its etiological constituents are 

correlated without the need to create a causal dependency. 

 

17. The method of  claim 1 further comprising synchronously capturing spatial and temporal complexity of 

an energetic cardiac event using the Huygens™ sensor array to mimic underlying    cardiac dynamics by 

localizing and precisely identifying arrhythmogenic substrates removed from fluoroscopic landmarks and 

lacking characteristic electrogram patterns. 

 

18. The method of  claim 1 further comprising generating a cardiac map comprised of  superimposed 

electric and energy (Poynting) wave maps by converging electric heart vector with the magnetic heart vector by 

computing   an impedance (Z) value generated from the substrate. 

 

19. The method of claim 1 further comprising simultaneously localizing and mapping (SLAM) magnetic 

fields during a cardiac activation sequence to uncover a magnetic heart vector (MHV) by computing a Poynting 

energy vector (PEV) from a measured impedance vector (Z) sensed using the Huygens™ sensor array with a 

computational algorithm. 

 

20. The method of claim 1 further comprising measuring a phase difference, β, between PEV and EHV to 

infer features of anisotropy in a myocardium. 

 

21. The method of claim 1 further comprising differentiating far-field from near-field signal sources in a 

pacemaker lead by using a Huygens™ sensor array to effectively prevent false positive events. 
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14. The method of claim 1 further comprising capturing bioelectric potential data, which is anchored in a 

measurement that reveals the physical nature of a biological substrate’s electrical properties of underlying tissue 

to allow for interpretation of the phenomenological expression of an electrogram (EGM) and its graphical 

representation in the context of an energetic event, based on the dielectric (κ) and conductivity (σ) 

measurements of underlying tissue. 

 

15. The method of claim 1 further comprising connecting an electroanatomical map with an inherent 

physical relationship between an energy transfer function and its causal dependency on a substrate tissue as 

represented by an electrogram by using a Huygens™ sensor array for conducting an electrophysiological study. 

 

16. The method of  claim 1 further comprising connecting phenomenological  data with clinical observation 

so that electrical properties of a conduction path within a cardiac substrate and its etiological constituents are 

correlated without the need to create a causal dependency. 

 

17. The method of  claim 1 further comprising synchronously capturing spatial and temporal complexity of 

an energetic cardiac event using the Huygens™ sensor array to mimic underlying    cardiac dynamics by 

localizing and precisely identifying arrhythmogenic substrates removed from fluoroscopic landmarks and 

lacking characteristic electrogram patterns. 

 

18. The method of  claim 1 further comprising generating a cardiac map comprised of  superimposed 

electric and energy (Poynting) wave maps by converging electric heart vector with the magnetic heart vector by 

computing   an impedance (Z) value generated from the substrate. 

 

19. The method of claim 1 further comprising simultaneously localizing and mapping (SLAM) magnetic 

fields during a cardiac activation sequence to uncover a magnetic heart vector (MHV) by computing a Poynting 

energy vector (PEV) from a measured impedance vector (Z) sensed using the Huygens™ sensor array with a 

computational algorithm. 

 

20. The method of claim 1 further comprising measuring a phase difference, β, between PEV and EHV to 

infer features of anisotropy in a myocardium. 

 

21. The method of claim 1 further comprising differentiating far-field from near-field signal sources in a 

pacemaker lead by using a Huygens™ sensor array to effectively prevent false positive events. 
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[168] Abstract of the Disclosure 

 

[169] With respect to the methodology of using the Huygens sensing array, the invention includes an 

improvement in a method of sensing biopotentials in tissue including the steps of: providing a Huygens sensor 

array; and sensing a native electrical biopotential signal using at least one electrode on a catheter with an 

amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor array to generate 

a well- formed waveform of the biopotential showing clear electrical properties indicative of the tissue with a 

SFDR of at least 24.9dB and SNR of at least -13dB.  In one embodiment the tissue is cardiac tissue and the 

biopotential signal sensed by the Huygens sensing array is a native cardiac waveform.  In one embodiment the 

sensed biopotential signal is a manifestation of underlying electrochemical activity sensed by the Huygens 

sensing array of a biological substrate corresponding to the tissue. 
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[168] Abstract of the Disclosure 

 

[169] With respect to the methodology of using the Huygens sensing array, the invention includes an 

improvement in a method of sensing biopotentials in tissue including the steps of: providing a Huygens sensor 

array; and sensing a native electrical biopotential signal using at least one electrode on a catheter with an 

amplifier circuit placed on the inner surface of the at least one electrode in the Huygens sensor array to generate 

a well- formed waveform of the biopotential showing clear electrical properties indicative of the tissue with a 

SFDR of at least 24.9dB and SNR of at least -13dB.  In one embodiment the tissue is cardiac tissue and the 

biopotential signal sensed by the Huygens sensing array is a native cardiac waveform.  In one embodiment the 

sensed biopotential signal is a manifestation of underlying electrochemical activity sensed by the Huygens 

sensing array of a biological substrate corresponding to the tissue. 
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Neuro-Kinesis Corp. (NKC) was founded in 2015 to further the innovative work of  
Josh Shachar and his engineering team in developing a new array of  intelligent SMART 
surgical tools that combined advanced biosensor technologies with AI, robotic-con-
trol, and cutting-edge micro-miniaturization processes that could push the envelope of  
possibilities for cure in the surgical arenas they were created for.  his book focuses on 
the work done in creating NKC’s groundbreaking Huygens™ Mapping Catheter and 
the Proteus™ Robotic Arms which are the key components of  NKC’s vision for its 
Huygens™ – Proteus™ Robotic Surgical Platform. With Huygens™ and Proteus™, 
Josh and his team have taken the groundbreaking work achieved with their 9-ton CGCI 
system and have reduced it down to a 9kg portable plug-and-play system that can deliver 
endocardial mapping and catheter guidance control beyond anything that has ever been 
attempted before.

“Through all my work runs the mantra, ‘Do it better, do it smarter to create a better 
outcome for everyone.’ In creating the vision for Neuro-Kinesis, our focus was to take 

the discoveries we had made in robotic-assisted catheter guidance over the last two 
decades and re-imagine it not only for the modern  electrophysiology needs, but for the 
future needs that are rapidly coming with the increasing innovation in robotics, Artificial 
Intelligence, and cloud-networked devices. This book contains the results of  the effort 

and gives a glimpse ahead to what will come next.”

– Josh Yehoshua Shachar

CORPORATION

10524 S La Cienega Blvd. Inglewood, CA 90304


