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NKC Development Milestones
Proteus Robotic Arm
The Robotic system hardware and software for 4x full systems has been completed.

Huygens
The catheter validation is in progress, and all parameters have been verified for rev.5 
(11French), and rev.6 (9fr) will be completed by May 10, 2022. 

Lorentz Active Sheath (LAS)
Will also be completed on May 10, 2022.

Integrated Operating Room
Currently, the NKC Integrated Operating Room containing the Proteus/Huygens/LAS is 
scheduled for presentation to our potential strategic player on May 26th, 2022.

Validation
Full System Installation at Inglewood lab facility, May 17-18, 2022.

Animal Study
Term Sheet Signed with Rambam and Univ. of Haifa 
Animal Testing at Rambam Hospital (Haifa, IL), July 15, 2022
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Regulatory Highlights

ISO 1385 Highlights:
• Will be conducted with SAI Global
• Pre-Assessment beginning May 6, 2022
• Stage 1 out of 2 will be scheduled after Pre-Assessment (roughly 4 weeks 

after)

Medical Device Regulation (MDR) Highlights:
• Will be conducted with DNV
• 5-Year certification estimate proposal has been agreed upon and signed 

by both parties
• In queue for MDR application process
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NKC Proprietary Technologies
NKC Robotic Navigation Suite, comprised of Huygens™ Smart Catheter, 
Lorentz™ Active Sheath & Proteus™ Robotic Arm
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NKC Proprietary Technologies
Huygens™ Smart Catheter, Lorentz™ Active Sheath & Proteus™ Robotic Arm
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Introduction

Huygens™ Catheter is an endocardial diagnostic catheter that reads cardiac biopotential 
signals. Through local amplification and digitization at the catheter tip, Huygens Catheter 
provides superior signal quality over the current analog market catheters. Furthermore, this 
device contains impedance measuring capability that allows physicians to differentiate heart 
tissue from blood pool.
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Huygens™ Catheter Prototype
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Introduction

The Huygens™ Catheter can pair with the Proteus™ Robotic Arm to enable navigational 
features. With artificial intelligence (AI) and 3 – axial coordinates of position and orientation of 
the catheter, the Proteus system can automatically maneuver around the patient heart and 
navigate the tip to the site of interest.
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Simulated Proteus™ Robotic 
Armand Huygens™ Catheter Setup
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Huygens & Proteus™ within EP Mapping Market

EP Mapping Overview
Electrophysiologic testing and radiofrequency ablation 
have evolved as curative measures for a variety of 
rhythm disturbances. 
• relatively straightforward arrhythmias (such as 

atrioventricular [AV] nodal reentry or tachycardias)
• complex arrhythmias, including atypical atrial flutter, 

atrial fibrillation, and ventricular tachycardia, often 
associated with significant underlying structural 
cardiac abnormalities, such as congenital, ischemic, 
and post-surgical heart disease.

Broader use of EP testing and RFA in such individuals 
has been accompanied by technological enhancements 
such as Electroanatomic mapping (EAM), allowing 
operators to record intracardiac electrical activation in 
relation to anatomic location in a cardiac chamber of 
interest, during arrhythmia mapping. 

8
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The Huygens Advantage

NKC understanding of the strengths and limitations of the use of EAM in treating pacing 
disturbances concentrated its effort in improving two areas of concern to EP physicians.
• Accuracy and resolution of the data-gathering from the electro-anatomical site, 

comprised of SNR and resolution by which the system can measure small electrical signals 
– the Huygens catheter solution.

• Navigation. While able to recreate an electro-anatomical map that captures chamber 
reconstruction, tagging of important anatomic landmarks and ablation lesions, display of 
diagnostic and mapping catheters without using fluoroscopy, activation mapping, and 
voltage (or scar) mapping, the other significant improvement NKC is concentrating on is to 
reduce the required dexterity of the physician to a machine language using robotics such 
as conceived by the Proteus Robotic Arm.

9
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Local Amplification

10

Huygens™ Catheter System 

Competitor Catheter System Huygens™ catheter’s local 
amplification feature allows the 
cardiac signals to be amplified 
before the noise is introduced to 
the system.

The diagram on the right shows 
the electrical flow chart of the 
biopotential signals.

As the noise is added after the 
amplification stage, the raw and
unfiltered signal quality of 
Huygens™ catheter is superior to 
the competitor’s signal.
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Integration with Electro-Anatomical Mapping (EAM)

Huygens™ catheter has broad applications in EAM, and 
is compatible with standard mapping system such as 
Prucka CardioLab, EnSite NavX, and others, capable of 
displaying 3D positions of multiple catheters as follows:

• The Huygens catheter records voltage and 
impedance at the electrodes located on the catheter 
shaft, (using locator skin patches customarily 
employed during such procedures), thereby defining 
their location in space, triangulated with a reference 
CS catheter electrode. 

• Three-dimensional images of the catheter can then 
be displayed. 

• Respiratory motion artifact can also be eliminated to 
prevent confounding of actual catheter position. 

• Chamber geometry can be determined thereafter by 
moving a mapping catheter along the endocardial 
surface. 

• Creation of EAM and improvements of imaging 
reduces the need for X-ray imaging.

11

Electroanatomical maps acquired by the Ensite 
NavX system. A. Top. Activation map of the LA 
during sinus rhythm, AP and PA views. Bottom. 
Simultaneously-acquired voltage map of the LA, 
demonstrating low-amplitude EGMs in the PV 
ostia. B. Posteroanterior view of the LA and PVs. 
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Noncontact Mapping

The noncontact mapping system utilizes a multi-electrode array (MEA) catheter to 
simultaneously record multiple areas of endocardial activation. Hence, relatively high-density 
mapping can be performed from even a single heartbeat. 

A Huygens™ quadripolar catheter will reduce the need for multiple catheters.

A “Smart” Catheter – The electronics of Huygens catheter improves signal measurement 
quality of recorded data set where:

< to, xp, yp, zp, xo, yo, zo, Ω, 𝑍𝑍 >
(time, position, orientation, DC potential, impedance)

• Position & orientation vectors are measured according to standard practice

• DC voltage potential is higher resolution than existing method (5µV as opposed to 50µV)

• Potential measurement is amplified 20x to provide a 1mV signal

• Signal is digitized at the source to preserve signal fidelity

• Sampling rate is higher than existing method (1kHz vs. 50Hz)

12
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3D Localization

3D localization of surface electrodes is achieved by applying a low-level current between 
electrode on distal end of catheter and two ring electrodes along its shaft. 

Chamber geometry is reconstructed by manipulating mapping catheter within the chamber of 
interest and the corresponding electrical isopotentials can be "plotted" on this geometric 
representation of the endocardial surface. 

13

Electroanatomic maps acquired by using a MEA. 
Left: Activation map of macro-reentrant LA flutter. The arrows depict wavefront propagation within the flutter 
circuit. 
Right: Anatomical reconstruction of the RA.
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Real-Time Position Management System

A Real-Time Position Management System (RTPMS) employs RF ranging to localize reference 
and mapping/ablation catheter positions. 

Reference
A reference catheter, typically situated in the Right Atrium at the Coronary Sinus, and the 
mapping/ablation catheter.

Trilateralization or position of the Catheter is accomplished via transmission of energy from 
the patches (5.6kHz), received by an outside source, where the reference catheter is used to 
gauge the dynamics of the diagnostic catheter on the Left Atrium. 

Transducers housed within the reference and ablation catheters; the time required to receive 
this signal by each transducer is converted to a distance and the position of each catheter is 
thereby determined, forming the relative position of the catheter on the endocardial surfaces. 

Specific advantages of the Huygens™ system include 

• Continuous real-time location of the catheters, 

• Ability to demonstrate the degree of catheter deflection, 

• Capability to reposition reference catheters to their original location should they become 
dislodged, as these locations can be stored. 

14
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System Overview

15

• Impedance
• 3 – Axial Coordinate
• Artificial Intelligence
• Temperature
• Demultiplexing

1. Catheter Tip

3. Industrial PC

5. Mapping Station

2. Handle + Proteus Arm

4. Prucka System
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System Overview

The operation room of Huygens™
Catheter will contain: 

• Huygens™ Catheter – Collect, 
amplify, and digitize the biopotential 
cardiac signal.

• Proteus™ Robotic Arm –
Automatically maneuver the 
catheter to locate/ablate the 
targeted area.

• Industrial PC – Process the 
digitized biopotential signals and 
form a communication line between 
the catheter and the mapping 
station, as well as control and 
automate the Proteus™ Robotic 
Arm.

• Cardiolab (Prucka) – Display the 
demultiplexed biopotential signals 
to diagnose heart disease models.

16

Simulated Operation room with catheter, robotic 
driven arm, monitor, and control console.  
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Huygens™ Catheter Sectional Overview

Distal Tip

Proximal Tip

Handle

17

Catheter is mainly divided into three sections, tip, sheath, and handle. The Huygens catheter 
further divides the tip into two sections: distal tip, which contains 9 electrodes (one nosecone 
and eight half-ring), and proximal tip, which contains electronics that allow local amplification 
and digitization.

The handle assesses digitized biopotential signals from the tip along with the impedance 
measurement and transmits to the industrial PC for demultiplexing.
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Catheter Tip Overview
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The 9-Fr (3.00mm) Distal Tip is 
comprised of a 4-layer FPC, eight half-
ring electrodes, and one nosecone 
electrode, all soldered as one piece.

The half-ring electrode allows more 
accurate biopotential reading due to the 
higher tissue-to-blood ratio on the 
surface.

The entire material will be filled with 
Pebax material and covered with an 
over mold.

Nosecone

Half-Ring Electrode

Flex Bareboard
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Catheter Tip Function

Electrophysiological signal 
enters to the electrodes

8 signals are multiplexed to 1

Multiplexed signal is amplified

Amplified signal is digitized 
and sent to handle

Electrode sends small AC 
current to measure the 
impedance of its contact.

19

Impedance Measurement
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Huygens™ Catheter Future

20

As the electronics are developed into one ASIC, a current quadripolar (4 half-ring electrodes) 
Huygens™ Catheter in development will further be improved as a decapolar (10 half-ring 
electrodes) and balloon (8 arrays of 8 half-ring electrodes). 

Additional ablation feature that generates high RF frequency to the tip to ablate the cardiac 
tissues. Combined with impedance measurement feature, the ablation will be very efficient and 
accurate compared to the competing catheters.

Quadripolar Catheter Decapolar Catheter Balloon (64-Electrode) Catheter

High RF Frequency Ablation 
Procedure onto Cardiac Tissue
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Robotic Arm Overview

21

The Proteus Robotic Arm contains three Maxon motors, each responsible for the 
corresponding 3-axial movement of deflection, translation, and rotation of the catheter.

Once the catheter is locked into the robotic arm, it will automatically maneuver the catheter to 
the ablation region, which the data is gathered from the prior diagnostic procedure.

Proteus Robotic Arm Diagram
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Robotic Arm

* Three motors allow three axial movement: Deflection, rotation, and translation

Deflection Rotation

Translation

22

Proteus™ Robotic Arm Mechanical Components

Proteus™ Robotic Arm Functional Overview
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• Catheter Tip microcontroller firmware

• Catheter handle microcontroller firmware 

• Integration with GE CardioLab (Pruka) EP 
System

Software
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Catheter Tip microcontroller firmware

• To gather cardio electro signals from 8 channels.
• To gather temperature measurement around the tip.
• To convert above analog signals to digital data in real time.
• To transmit digital data to the catheter handle.
• The speed of the data collection is greater than 800 samples per second 

per channel.

Time Stamp 8 Demultiplexed 
Electrode Reading

Temperature 
Reading

Amplified QRS-Complex from One Electrode After 
Demultiplexing

800 samples per second
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Integration with GE CardioLab (Pruka) EP System

25

Traditional
Catheter

Pruka

PC
Integrated 
Electronic 

Box

Catheter 
Input Module

IPC

Huygens
Catheter

Analog Signal

Digital Data

Leads

Serial I/O

• Seamless addition to the existing Pruka EP system
• High speed data sampling and transmission of the high-quality digital cardio signals
• Data storage locally and in cloud for AI/ machine learning

Motor 
Control

Network
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 ISO 13485: Medical Devices - QMS

 European Union Medical Device Regulation

 ISO 10993: Biological Evaluation of Medical Devices

 IEC 60601: Basic Safety and Essential Performance 
of Medical Electrical Equipment

 CE Mark: Conformité Européenne
Regulatory
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Regulatory – ISO 13485: Medical Devices - QMS

• Neuro Kinesis’ QMS creates a formalized system 
for all operations. The processes are intended to 
achieve and improve Neuro Kinesis’ quality 
policies and objectives.

• It is designed to comply with ISO 13485 
regulatory requirements with the guidance of the 
leading quality assurance provider, Intertek.

• QMS is planned to be recognized and certified 
by a Notified Body in 2022.
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Regulatory – European Union Medical Device Regulation

• Medical Device Regulation (MDR) Purpose:
• Improve the quality, safety, and reliability of medical devices
• Strengthen transparency and information for patients
• Enhance vigilance and market surveillance

• Relies heavily on data collected from clinical investigations (animal and human studies), 
biocompatibility, mechanical, and electrical testing.  
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• This will determine if patient contacting materials can 
safely abide in a human body for the duration of 
operation (<24 hours). 

• The experts at Intertek will assess the materials used, 
create a biological evaluation plan, test plan, and a 
biological report.

• Information from Intertek will be sent to UL for further 
biological testing. 

Regulatory – ISO 10993: Biological Evaluation of Medical Devices
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• Main areas of focus are electromagnetic 
compatibility (EMC), software, and basic safety and 
essential performance.

• Testing and evaluation be in accordance with IEC 
60601 and the MDR. This will be conducted by 
Intertek’s testing laboratories in both Menlo Park, CA 
and Lake Forest, CA.

• This includes, but are not limited to voltage surge, 
useability, and intravascular testing. 

Regulatory – IEC 60601: Basic Safety and Essential Performance of 
Medical Electrical Equipment
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Regulatory – CE Mark: Conformité Européenne

 All the information, certifications, and data collected from ISO, IEC, MDR, and applicable regulatory 
requirements will then be submitted to the European Commission for review. 

 After acceptance, the Huygens™ Catheter will be available in the EU market. 
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Animal Study at Rambam Hospital (Israel)
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Engineering
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• Huygens Catheter: 
o 9Fr. Shaft design, it1.2 handle to fit in MCS

• Lorentz Sheath:
o Functional prototype of deflectable sheath with electrode at tip and handle

HUYGENS™ CATHETER AND LORENTZ™ SHEATH

Lorentz 
Sheath

Electrod
e

A: Deflectable shaft
B: Translucent Pebax Shaft

A: Working handle
B: Solid “mock” handle

Huygens Handle: Iteration 
1.2 geometryHuygens shaft: Iteration 1.3, 9 

Fr.
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Handle Design 1.1 (breadboard)
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Handle Mechanism 1.2

• Using a pulley system, when the knob is rotated, the Handle Slider and pullwires move linearly 
causing the catheter to deflect. 

• A magnet is housed underneath the Cable Guide for communicating with the MCS Iteration 1.1 hall 
effect sensor

Handle 
Slider Pullwire

Stop

Pulley

Cable 
Guide
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• Motion Control Subsystem
o MCS iteration 1.1

o Aluminum stand

o Sheath support subsystem

MOTION CONTROL SUBSYSTEM

Tinted Plexiglas 
(hiding the aluminum base and 
angling system)

Sheath Support Subsystem

Aluminum Stand
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Proteus™ Robotic Arm Construction

* Three motors allow three axial movement: 
Deflection, rotation, and translation

Deflection Rotation

Translation
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PROTEUS™ ROBOTIC ARM DESIGN

Detail of the robotic navigation device mechanical components.
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PROTEUS™ ROBOTIC ARM DESIGN

Exploded view of the robotic navigation device mechanical components.
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PROTEUS™ ROBOTIC ARM DESIGN

Depiction of catheter translation operations with the robotic navigation device.

Robotic navigation device in relation to catheter and sheath.
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PROTEUS™ ROBOTIC ARM OPERATIONS
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PROTEUS™ ROBOTIC ARM DEFLECTION CONTROL
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PROTEUS™ ROBOTIC ARM LINEAR CONTROL
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• Vascular model
• Water circulator
• Water bath

SIM USE MODEL – WETLAB

Sim-Use 
Bath
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Prepared for Presentation
04/25/2022

Thank You for 
Watching
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