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ELECTROPHYSIOLOGY

Electrophysiology is among the most data-driven 
of medical specialties, perhaps because these 
cardiac physicians chronically deal with the 
risk of imminent death. On the intervention side, 

when performing cardiac ablations, they work with 
highly technical patterns of electrical signals in real time 
to figure out the source of problems so they can fix them. 
When it comes to patient management, they face an 

ever-increasing burden of daily downloads of data from 
cardiac implantable electronic devices (CIEDs), including 
pacemakers, ICDs (implantable cardioverter defibrillators), 
cardiac rhythm therapies, and implantable loop recorders 
(ILRs). In the US, where cardiac arrhythmias impact about 
14.4 million patients, CIEDs have become the prevalent 
treatment choice. More than 300,00 people are implanted 
with cardiac monitoring devices every year, and this 

The use of AI in electrophysiology is increasing; it’s being applied to personalize treatment to 
achieve better outcomes, to manage patients more effectively, and it’s relieving the burdensome 
workflow of a data-intensive clinical practice. We interview Implicity and inHEART. 

► MARY STUART  

AI FOR ELECTROPHYSIOLOGY: 
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number is likely to increasing because of the increasing 
prevalence of atrial fibrillation. 

A data-rich specialty would seem to provide much fodder 
for artificial intelligence, and such programs are indeed 
underway for every aspect of electrophysiology, from the 
screening and diagnosis of heart rhythm disorders like 
atrial fibrillation, to therapy and patient management. 
It’s not a new concept, as computer algorithms have 
been analyzing ECGs since the 1970s, but today, large 
databases and machine- and deep-learning tools are 
being applied to just about every process that affects 
electrophysiology. Here, as in other medical industry 
sectors, start-ups are doing the legwork to identify 
gaps and fill them, with a common theme of combining 
disparate data sources with an overlay of AI to extract 
insights relevant for patient care (see Figure 1). 

One recent deal appears to put it all together. In early 
November the AI-driven health company Anumana 
(Cambridge, MA) acquired NeuTrace, the developer 
of an AI-enabled cardiac mapping system and EP 
recording system that can display 3D anatomical and 
electroanatomical mapping of the heart during cardiac 
procedures. Anumana was formed in April 2021 as a 
joint venture between the Mayo Clinic and nference 
(Cambridge, MA). nference, which has raised more 
than $150 million since its founding in 2015, partners 
with medical centers to turn rich and unstructured data 
captured in electronic medical records into software 
solutions that can be used to solve medical problems. 

As a result of the acquisition, Anumana is well positioned 
to become a leader in electrophysiology, in combining 
the real-world evidence generation platform of nference 
(which can integrate a patient’s electronic medical 
record with ECGs [surface electrograms] and EGM 
[electrograms from within the heart]) and NeuTrace’s 
portfolio of EP applications in development. According 
to the press release announcing the acquisition, the 
combination will enable Anumana to address issues 
of procedure time and accuracy, patient safety and 
outcomes, screening, and diagnostics, that is, solutions 
that “span the entire patient journey,” according to 
Anumana’s chief business officer David McMullin. 

Commenting on the acquisition, electrophysiologist Pierre 
Jaïs, MD, notes, “By pairing these intraprocedural data 
with ECGs and full medical records, Anumana has the 
opportunity for AI-tailored recommendations patient-by-
patient, which would be true precision medicine.” Jaïs is 
a co-founder of inHEART, profiled in this article, which 

has its own strategy for delivering patent-specific therapy, 
which is based on the application of AI to imaging 
modalities that give EPs a view of heart tissue that’s likely 
to give rise to arrhythmias. 

Similarly, Implicity, also profiled below, aims to inform 
patient management by unlocking the value that can be 
realized by combining patient health information from the 
electronic medical record with the flow of ECG data ema-
nating from implanted cardiac monitors. In the process, the 
company is helping electrophysiology practices increase 
revenues while becoming more efficient. 

Implicity: AI Prioritizes 
Patients While Streamlining 
Practices  
Because so many of their patients of all ages now 
have cardiac implantable electrical devices (CIEDs), 
electrophysiologists today suffer from data overload. 
According to electrophysiologist Arnaud Rosier, MD, 
PhD, “This creates, along with wearables and everything 
else, a tsunami of data that falls on the shoulders of 
clinicians and hospitals.”  

CIEDs transmit data daily to the cloud, where it is pushed 
by device manufacturers to the clinic. “In one sense, 
this is an advanced area of digital health,” says Rosier, 
who notes that Class IA recommendations from the 
Heart Rhythm Society have supported the use of remote 
monitoring for implanted cardiac devices since 2015. But 
the sheer volume of patients and data under management 
has become burdensome for practices. According to 
Rosier, “What was a great innovation for the patient soon 
became a problem for the physician. Data is flowing 
and you are supposed to deliver value, by which I mean 
decreasing mortality, by discriminating signal from noise.” 
Most clinics, he says, don’t manage to scale this problem, 
“and they don’t cover 100% of their patients. We know 
this is just going to get worse with additional sensors.” 

Rosier isn’t just a physician; his PhD is in health informatics, 
and he has 12 years of experience in artificial intelligence 
related to health problems. “I have been thinking about 
this problem for 10 years: how to help humans scale this 
need for data triage. I thought we needed to automate 
some of the mundane tasks that professionals do manually 
with medical-grade technology—artificial intelligence and 
software as a medical device.” 

► MARY STUART  
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In 2016 he accordingly co-founded Implicity (Paris, France) 
to combine what he calls the implicit knowledge of clinicians, 
with AI and other automation tools to help clinics deal with the 
need for data triage on a larger scale. As his co-founder and 
chief strategy officer, he enlisted David Perlmutter, a signal 
processing engineer, who had previously co-founded Airtag, a 
non-medical start-up.

Supported by a $23 million Series A round completed in April 
2022, which was led by Crédit Mutuel Innovation and BPI 
France with the participation of BNP Paribas Development and 
earlier seed investors Serena Capital, XAnge Private Equity, and 

Karista, the company is set to expand its management solution 
for remote cardiac monitoring. An FDA clearance for a novel AI 
algorithm that analyzes ECG episodes from implantable loop 
recorders is an early validation of its approach, which revolves 
around using AI to automatically analyze CIED data in the 
context of patient health information. 

Today, a Disjointed Process 
It can be surprising that any process still requires users to 
consult paper or PDFs (electronic or otherwise), or websites 
hosted by individual manufacturers, to access data, but remote 

cardiac monitoring is still this 
cumbersome. When monitoring 
staff receives a patient alert 
(by phone message, email, or 
however it is set up) they must go 
to the web portal of the device 
manufacturer—that’s about six 
different websites across the 
major manufacturers, including 
Medtronic, Biotronik, Boston 
Scientific, and Microport. 
They’ll review the alert and either 
dismiss it or take action to help 
the patient. 

This isn’t as easy as it sounds. 
Rosier notes that the devices 
report some 200 parameters—
data around device operation 
and safety and patient 
physiology. But this information is 
siloed in the manufacturer’s web 
portal, and it doesn’t take into 
account other important aspects 
of the patient. “The manufacturers 
only have the device piece. They 
have no clue if it is a 10-year-old 
boy or an elderly woman with 
a pacemaker. They know what 
the device is doing but they don’t 
know what kind of patient it is 
or what medications they might 
be on. They don’t have access 
to electronic health records or 
clinical data,” says Rosier. 

This gap makes work for the 
people whose job it is to make 
decisions based on the alerts. 
Rosier explains that a monitoring 
professional might be alerted to 

Figure 1

AI Start-Ups Innovating in Electrophysiology

Company, Location (Founded) Business Description/Funding 

Ablacon, Wheat Ridge, CO 
(2015)

Electrographic flow mapping to identify 
arrhythmogenic foci in substrate (i.e., sources  
and drivers of AF that occur outside of the 
pulmonary vein). Ablamap is CE marked and 
510(k) cleared in the US./$53.5 million equity 
raised, from Ajax Health, Western Technology 
Investment, Zeus Health 

AccuPulse Medical 
Technology, Jiangsu, China 
(2020)

3D cardiac mapping system with high-precision 
magnetic and electrically based localization./$18 
million up through Series A in May 2022

CathVision, Copenhagen, 
Denmark (2013)

ECGenius is enhanced EP recording technology 
with AI-powered modules that provide automated 
analysis during cardiac ablation procedures./$23 
million including August 2022 venture round, 
from Vaekstfounden, VF Venture, and Borean 
Innovation  

NeuTrace, Longwood, FL 
(2020)

Recently acquired by Anumana, EP Data Biome 
platform is proprietary and device-agnostic 
platform for holistic in-procedure data integration 
and novel real-time AI applications./$7 million

Vektor Medical, Carlsbad, CA 
(2017) 

vMAP identifies potential sources of arrhythmia 
anywhere in the heart in less than three minutes 
using only the data from standard 12-lead ECG by 
creating 2D and 3D cardiac hot spot maps1

Volta Medical, Marseille, 
France (2016)

VX1 uses machine- and deep-learning to analyze 
electrograms in real time, enabling clinicians to 
combat high failure rates in the use of ablation for 
treating persistent, drug-resistant AF./$31 million 
from Gilde Healthcare, Pasteur Mutualité2

1See “Vektor Medical Aims to Change the Map of Atrial Fibrillation,” MedTech Strategist, June 2, 2022. 
2See “Volta Medical Provides EPs with the Tools to Tailor AF Ablation,” MedTech Strategist, January 27, 2021. 

Source: Company websites 
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an episode of atrial fibrillation, which puts the patient at risk of 
stroke. “So it says, ‘Red alert!’” Once the staff member consults 
the electronic health record and sees that the patient is already 
on anticoagulation, they might dismiss the alert. “But it takes 
10 minutes to find that out. Or maybe they have to consult with 
the cardiologist to make sure, or maybe they’ll have to call the 
patient. Then it’s onto the next patient.” 

In addition to the daily management of patients, staff will also 
have to prepare nightly reports according to the billing cycle, even 
though the status of most patients is normal. CIEDs are designed to 
be sensitive enough to catch every abnormality. “But only 10% of 
what remote monitoring staff see requires them to take action. The 
rest is noise and a waste of time for them,” says Rosier. 

The result is a setup for liability and a recipe for burnout. And 
it also results in a very low return on investment. Says Rosier, 
“Most of our customers in the US have no idea how much of 
their resources they spend for the income they get. We often see 
that they’re only getting 10% of their billing, but they still spend 
all their resources on it. And they aren’t confident about the 
quality of care they provide, because they can’t follow all their 
patients.” These are the pain points for providers, he says. 

Data in Context 
To help streamline the process of device review, there are 
software providers that offer “one-stop shopping” for cardiac 
device output—Murj, for example, which puts all the monitoring 
data of separate device companies into a single portal. (See 
“Murj: Building the Platform to Manage a Deluge of Data from 
Remotely Monitored Cardiac Devices,” MedTech Strategist, 
August 31, 2017.) But Implicity has a greater mission. The 
start-up has created a platform that merges device outputs and 
patient health data with an overlay of artificial intelligence that 
reduces false positives. Clinicians can have more confidence 
in their decisions, while having the time to focus on the patients 
who need the most care. 

Implicity begins by gaining access to all the discrete data points 
from the devices of different manufacturers, then integrates it with 
patient clinical data from electronic health records and other 
sources. In France, the company had access to the Health Data 
Hub. This repository was created by the French government 
in 2019 to help artificial intelligence developers benefit from 
patient health databases while protecting the privacy of 
patients. The combined device and patient health information is 
automatically analyzed by AI-enabled software that strips out 
the noise, ensuring that staff can easily determine which are the 
high-priority events warranting further action. 

The company’s first FDA clearance is focused on reducing false 
positives from implantable loop recorders, which measure heart 
rate to detect arrhythmias in real time. While these devices have 

high sensitivity, they have low specificity, with false-positive 
rates, overall, of 75%, and a rate that is even higher for specific 
conditions—98% for atrial fibrillation, according to one review. 
Medtronic acknowledges this problem and has developed its 
own FDA-cleared AI algorithm to reduce false positives, which is 
only indicated for use with its newest insertable cardiac monitor, 
LINQ II. Implicity’s algorithm, cleared by the FDA in December 
2021, is compatible with all of Medtronic’s ILR models. A study 
published by the European Heart Journal found that Implicity’s 
algorithm reduced false-positives by 79% while retaining a 
specificity of 99%. 

Implicity now serves about 70,000 patients at more than 100 
medical centers across the US and Europe, many of which are 
reporting on the efficiencies that the automated data triage 
brings, for example, being able to monitor more patients with 
less staff. According to Rosier, over the course of 18 months, 
one clinic scaled up from 200 to 2,500 patients. “You want to 
be able to do more with a smaller team, especially because 
of training and turnover. Cardiac electrophysiology is a very 
technical domain. You need highly experienced people.” 

Rosier believes Implicity can boost revenue for clinics simply by 
automating billing, since the company estimates that many only 
bill for 10-20% of the remote monitoring of pacemakers. “They 
don’t have the staff to bill for it. That activity is completely different 
from everything else they do, and they are already swamped.” 
Rosier notes that for the clinics that sign onto Implicity, reports will 
be automatically set up, populated, and pushed to billing. 

Device manufacturers also indirectly benefit from the adoption of 
Implicity. Manufacturers maintain a large staff of field engineers 
and technicians, who need to be present whenever there is an 
in-person review of a patient with a CIED. Because Implicity 
allows clinics to put more patients on remote monitoring and 
eliminates false-positives, that should cut down on the number 
of patients requiring in-person review, allowing companies to 
reduce their field staff. Rosier notes that insights that come from 
the analysis of the combined device and clinical data could 
also prove useful to manufacturers for post market studies or 
evidence for market access. 

Implicity’s data analyses might even advance the field clinically, 
by revealing patterns that are predictive of certain events. 
For example, excessive shocks from ICDs are associated with 
increased mortality, and if the appropriateness of shocks could 
be fine-tuned, patients would benefit. 

First and foremost, says Rosier, “We are a productivity tool 
for the clinic. But on top of that we can develop additional 
algorithms to do prediction and add value in chronic care 
management.” He notes that chronic disease management is an 
opportunity for clinics, “and we can help them get there. And 

https://www.ahajournals.org/doi/10.1161/circ.140.suppl_1.12032
https://academic.oup.com/eurheartj/article/42/Supplement_1/ehab724.0316/6393406
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then we can help the same team extend into new verticals in the 
cardiology space—heart failure and blood pressure monitoring. 
Physiologic monitoring is a huge space.” 

inHEART: Images and AI  
Allow Personalization in  
Cardiac Ablations
The challenges that persist with catheter ablation treatments 
for cardiac arrhythmias have attracted much investment and 
innovation. Many new catheters and mapping systems have 
been brought to bear on the issues of long procedure times, high 
arrhythmia recurrence rates, and safety issues, but none so far 
has addressed the fact that electrophysiologists still can’t see the 
exact anatomy of the patient’s heart. 

To find and treat the heart tissue that gives rise to arrhythmias, 
electrophysiologists have traditionally been guided by 
electroanatomical mapping, a surrogate for vision inside 
the heart chambers, which involves point-by-point voltage 
measurements to pinpoint the location of aberrant electrical 
impulses. Current procedural tools don’t appear to go far 
enough; arrhythmia recurrence rates following cardiac catheter 
ablation still average 20-45% for atrial fibrillation (AF) and 
30-50% for certain types of ventricular tachycardia (VT). 
Moreover, cardiac ablation procedures are often lengthy, with 
VT procedures, for example, easily running four hours or more. 

inHEART (Pessac, France) has set out to address, with a single 
technology, a fundamental issue that relates to the above-
noted limitations of cardiac ablation: cardiac arrhythmias often 
emanate from damaged areas of the heart, but clinicians can’t 
look at the heart tissue itself, and so are operating blind. They 
can’t see scars on the heart wall or the location of nearby 

structures like the esophagus or the phrenic nerve, which must be 
spared from ablative energy to avoid collateral damage. 

With AI-based software that correlates conventional 
electrophysiology measurements with anatomical features 
captured by pre-procedural MRI and CT scans, inHEART hopes 
clinicians will be able to plan and execute cardiac catheter 
ablations more efficiently and effectively. 

inHEART was founded in 2017 by a team of four physicians 
and scientists at the instigation of electrophysiologist Pierre 
Jaïs, MD, and radiologist Hubert Cochet, MD, PhD. Jaïs, 
who directs the IHU LIRYC (an academic and clinical cardiac 
electrophysiology research center founded in 2011 by 
renowned cardiologist Michel Haïssaguerre), has more than 
700 published papers and presentations on electrophysiology 
and catheter ablation to his credit. Cochet is head of cardiac 
imaging at Bordeaux University Hospital and is an expert on 
the structural substrate behind cardiac arrhythmias; he was 
instrumental in developing inHEART’s new modality, which 
combines imaging, electrophysiology data, and AI to correlate 
structural abnormalities with the findings of electrophysiology. 
Co-founders Jean-Marc Peyrat and Maxime Sermesant are 
experts in medical image analysis and computer automation. 

In September 2021, Todor Jeliaskov joined the company as 
CEO, bringing the relevant commercial experience to lead this 
group of scientific experts. He was previously CEO of NuVera 
Medical, which developed an intracardiac echo catheter to 
aid clinicians during catheter ablation procedures. Jeliaskov 
was ready for a new opportunity after Johnson & Johnson’s 
Biosense Webster division acquired NuVera in December 2020. 

While today, electrophysiologists look separately at myocar-
dial electrical activation and the images that supply structural 
information, inHEART marries the two. inHEART makes use of CT 
and MR images that are routinely taken before cardiac ablation 
procedures. With a cloud-based model that doesn’t require EP 
labs to buy hardware and software, inHEART uses AI to auto-
mate segmentation of images and color codes regions of interest 
to guide decision-making before and during the procedure. 

Shining a Light in the Darkness 
For a successful cardiac ablation, the structural characteristics 
of the heart tissue (the substrate), that is, the changes in wall 
thickness as normal tissue meets a scar, are as important as 
the electrical activity that highlights sources of arrhythmias. 
In a video created by inHEART, Jaïs points out that 
electrophysiologists have no knowledge of the thickness of 
the tissue they are mapping; when navigating with a mapping 
catheter, just two millimeters of healthy tissue between the 
electrode and scar can cause an operator to miss the scar. 
Jaïs was enlightened by the structural information inHEART 

CIEDs are designed to be sensitive 
enough to catch every abnormality. 
“But only 10% of what remote 
monitoring staff see requires them 
to take action. The rest is noise 
and a waste of time for them.”

—Arnaud Rosier, MD

http://www.mystrategist.com/medtech-strategist
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provides. “I have devoted my entire life to better understanding 
and reading those electrograms, but I must admit that there is 
additional information in those images that is really useful for 
taking care of those patients,” he says. “It was as if all of a 
sudden you switched on a light in a dark room.” The scar is well 
delineated in the images, he says, and since the clinicians have 
the chance to see it before they get to the EP lab, they have an 
opportunity to discuss it with their patients and their colleagues 
to define the ablation strategy. 

Todor Jeliaskov notes that the inHEART system isn’t replacing 
anything that the clinicians already use; it integrates into the exist-
ing workflow and simply allows clinicians to perform mapping 
in a more efficient way to improve overall procedural efficiency 
and outcomes. “The real breakthrough for inHEART is to help 
physicians navigate complex arrhythmia cases with advanced 
substrate mapping and anatomical information. This information is 
not easily available to them with conventional tools.”

Today (without inHEART) a physician typically receives a written 
radiology report and doesn’t have an easy way to visualize the 
information in 3D. “inHEART transforms medical images into a 
digital twin of the patient’s heart including anatomical structures, 
collateral structures, and tissue characteristics, which allows the 
physician to identify the location of the arrhythmogenic substrate 
and potential origins of the arrhythmia to plan the procedure 
accordingly,” says Jeliaskov. 

inHEART offers a cloud-based service model whereby the 
hospital uploads to the inHEART portal the CT and MRI images 
acquired before the procedure as part of the current workflow. 
“This is a secure and anonymized process and requires no 
additional hardware or software for the heart centers,” Jeliaskov 
notes. Then, using 2D image slices, inHEART’s proprietary 
algorithm automatically segments the anatomical structures and 
creates a 3D model of the heart. The user receives the model 
within 24 hours, but in the case of critical situations such as 
ventricular tachycardia storms, inHEART can deliver models 
much sooner. Such models can then be integrated into all major 
electroanatomical mapping systems for use during the procedure. 
“We are filling a gap. We have the brick that was missing.” 

Starting with the Most Critical Need 
The company’s first application, for which it has regulatory 
approvals, is focused on ventricular tachycardia, as that 
disease can be immediately fatal and because mapping 
and delineating critical structures are greater challenges in 
VT patients, particularly in those with structural heart disease 
where arrhythmias are often unstable. Catheter ablation for 
atrial fibrillation is more straightforward, since for the most part, 
clinicians are following a known strategy—ablation around the 
pulmonary vein.

Jeliaskov notes that VT ablations are complex, long, and tedious 
and are generally performed by clinicians with a high degree of 
expertise. “We believe our product will enable more VT patients 
to benefit from an ablation by making these procedures more 
efficient and accessible. We would like to make VT ablations as 
straightforward as pulmonary vein isolation for AF ablations.”  

Within the next 24 months, inHEART plans to release solutions 
for atrial fibrillation and premature ventricular complexes (PVCs). 
There are still major hurdles for AF ablation, Jeliaskov notes, 
including collateral damage to the esophagus and phrenic nerve 
and the recurrence of arrhythmias due to nondurable ablation 
lesions. “We are confident that by supplying anatomical details 
and information on the atrial wall tissue, inHEART will also allow 
for improved personalization of AF ablations with a major impact 
on the safety and efficacy of the therapy. We are developing a 
similarly impactful product for PVCs, where it currently takes a lot 
of time to localize the origin of the ectopic foci within the anatomy. 
We expect to dramatically simplify ablation procedures.” 

inHEART has CE mark and FDA 510(k) approval (which it 
received in May 2022) and is commercializing in the US and 
Europe. Going forward, it will face the adoption challenge of 
any company delivering a new tool to clinicians. Since elec-
trophysiology customers are accustomed to relying on electro-
anatomical mapping, clinicians first want to see that the new 
information correlates with EP findings. “Individual physicians 
need to see the heart in action to validate the inHEART models 
for themselves, but we see that as they gain experience, they 
appreciate the accuracy of the substrate data relative to their 
traditional mapping techniques. They trust and rely on inHEART 
data to inform and guide their treatment strategies from that 
point on,” says Jeliaskov. In June, the company announced a 
partnership with the medical distributor Medical Horizons SRL to 
commercialize the inHEART solution in Italy. 

To date, the company has raised €3.7 million in venture capital 
funding from the European firm Elaia (Paris, France) and angel 
investors, and about €1 million in the form of research grants. 
Notes Jeliaskov, “We have one solution on the market for 
ventricular tachycardia, and we will be releasing tools for AF and 
PVCs.” The company has launched a multicenter, prospective, 
randomized controlled trial (inEurHeart) comparing the efficiency 
and efficacy of image-guided VT ablation with conventional 
catheter-based methods. The study will enroll 112 patients at 16 
heart centers across four European countries. Says Jeliaskov, 
“We are collecting the clinical evidence to validate claims of 
inHEART’s value proposition as the first cloud-based solution for 
the CT-based 3D reconstruction of the heart for the planning, 
navigation, and identification of arrhythmogenic substrate in 
cardiac catheter ablation.”  
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