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Wearable devices, Al, and cloud connectivity are revolutionizing personalized healthcare. The trends and competitive insights in this
report are powered by PatentVest's comprehensive IP intelligence platform.
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The landscape of cardiac monitoring is undergoing a seismic shift as the convergence of wearable devices, artificial intelligence, and
cloud connectivity ushers in a new era of real-time, personalized cardiac care. At the forefront of this transformation are groundbreaking
technologies like portable ECG monitors capable of detecting arrhythmias and myocardial infarction, Al algorithms that can predict

cardiac risk from ECG data, and seamless integration with smartphones and telehealth platforms for 24/7 remote monitoring.

This wave of innovation has unleashed a fierce race among tech giants, medtech leaders, and ambitious startups, all vying for
dominance in this rapidly evolving space. Industry heavyweights like Philips, Huawei, and Asahi Kasei are aggressively filing patents on
cutting-edge wearable ECG devices, while ventures like Vivalink, Vektor Medical, HeartBeam, and Biointellisense are pushing the
boundaries with products that can synthesize 12-lead ECGs from compact patches. Even renowned institutions like the Mayo Clinic are
entering the fray, patenting Al algorithms for ECG analysis that could be game-changing if licensed.

As the competition heats up, the key to success lies in relentless innovation across three critical domains: breakthrough technology,
robust intellectual property, and strategic partnerships. On the technology front, the bar is constantly being raised for device wearability,
ease of use, signal quality, and built-in Al capabilities.
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We've seen a 56% increase in Global Patent Publications over the last five years vs the previous five-year period.
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The holy grail is a device that can deliver the diagnostic power of a traditional 12-lead ECG in a compact,
user-friendly form factor, with machine learning algorithms that can accurately detect a wide range of
cardiac conditions. Companies that continuously push the envelope on these fronts will be well-
positioned to lead the pack.

However, as the pace of innovation accelerates, so does the importance of safeguarding it with rock-solid IP protection. In this winner-
takes-all market, a broad patent portfolio covering core technologies and novel applications is essential armor against rivals. The most
successful players will be those who can deftly navigate the patent landscape, aggressively locking in key innovations before others
stake their claims.

As the cardiac monitoring space evolves, there are also tantalizing opportunities on the horizon in expanding beyond arrhythmia and MI
detection to tackle other cardiac conditions like heart failure and atrial fibrillation. Companies that can leverage their ECG platforms
across the full spectrum of cardiac care will be able to tap into vast new markets and cement their industry leadership.

The trends and competitive insights in this report are powered by PatentVest’s comprehensive IP intelligence platform. Our quarterly
surveillance reports keep a pulse on the key players, technologies, and opportunities shaping the wearable ECG market.

Current Landscape and IP Dynamics

The field of ambulatory cardiac monitoring has seen remarkable advancements in recent years, driven by the advent of wearable
devices, Al-powered analytics, and cloud connectivity. Portable ECG and VCG monitors are now capable of providing continuous, real-
time insights into a patient’s heart health, enabling early detection of arrhythmias and even myocardial infarction. This shift towards
remote, patient-centric monitoring has the potential to revolutionize cardiac care, reducing hospital readmissions and improving

outcomes.

However, this rapid pace of innovation has also sparked a fierce battle for intellectual property as
companies race to stake their claims in this promising market. In the past year alone, over 20 patents have
been filed on novel wearable ECG devices, showcasing the intense competition to develop the most
advanced, user-friendly monitors. Industry giants like Philips, Huawei, and Asahi Kasei are all heavily
investing in this space, leveraging their deep expertise in medical technology to create cutting-edge
devices.

But it’s not just hardware that’s driving this innovation — the rise of artificial intelligence and machine learning is also transforming the
way ECG data is analyzed and interpreted. More than 30 patents have recently been filed on Al algorithms for ECG analysis,
highlighting the enormous potential of these technologies to detect subtle patterns and predict cardiac events with unprecedented
accuracy. By harnessing the power of Al, healthcare providers can make more informed decisions and intervene earlier, potentially
saving countless lives.

Another key trend in the IP landscape is the integration of portable ECG devices with connected smartphones and cloud platforms.
Over ten patents have emerged in this area, underlining the growing importance of seamless data sharing and remote monitoring
capabilities. By enabling patients to easily transmit their ECG data to their doctors via mobile apps and secure cloud services, these
technologies empower individuals to take a more active role in managing their heart health. To visualize the competitive dynamics in
this space, we analyzed patent filing trends among key players.
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Key players in patent filing trends include HeartBeam, Vivalink, and Vektor Medical, as well as other big players like Philips and Mayo
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Clinic Health System. These companies are working to solve some of the key problems in ECG.
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While established medtech firms like Philips and Asahi Kasei lead in sheer number of patent families, startups like HeartBeam and
Vektor Medical are punching above their weight, with impressive portfolios relative to their size. Comparing metrics like market cap and
R&D spend to patent output also reveals which companies are most efficiently translating their investments into innovation.

Ambulatory ECG Innovations

The world of ambulatory ECG monitoring is undergoing a quiet revolution, as a wave of innovative devices hit the market, offering
unprecedented capabilities for detecting arrhythmias and myocardial infarction. Industry giants like Philips, Huawei, and Asahi Kasei are
leading the charge and have all filed notable patents on wearable ECG technologies.

Philips, for example, has developed a patch-based ECG monitor that uses advanced algorithms to continuously analyze heart rhythm
and automatically detect atrial fibrillation (AF). By providing real-time alerts to patients and their doctors, this device has the potential to
significantly improve AF management and prevent stroke. Similarly, Huawei has patented a smartwatch-based ECG system that can
generate a 12-lead ECG report, giving physicians a comprehensive view of the heart’s electrical activity.

However, these established players face stiff competition from a crop of ambitious startups like Vivalink, HeartBeam, and Vektor
Medical, who are developing their own cutting-edge ambulatory ECG devices. For instance, Vivalink’s Biometric Data Platform
combines a wearable ECG sensor with cloud-based analytics to provide continuous, real-time monitoring for patients with chronic
conditions. Meanwhile, Vektor Medical’s VektrAlyzer system uses a proprietary algorithm to analyze ECG data and create a 3D map of
the heart’s electrical activity, potentially enabling more precise diagnosis of cardiac disorders.

As these technologies continue to evolve, the focus is shifting towards improving device wearability, signal quality, and ease-of-use.
Companies are racing to develop monitors that are smaller, more comfortable, and easier for patients to operate, in order to drive
adoption and adherence. With the stakes so high in this competitive market, the winners will be those who can combine cutting-edge
sensor technology with intuitive design and user-friendly features.
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Companies with the most patent families in this space.
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Advancements in Ambulatory VCG and 12-Lead Synthesis

While traditional ECG remains the gold standard for cardiac monitoring, vectorcardiography (VCG) is emerging as a powerful
complementary tool, offering a more comprehensive, three-dimensional view of the heart’s electrical activity. By measuring the
magnitude and direction of the electrical forces within the heart, VCG can provide valuable insights into cardiac function and help detect
a wider range of disorders.

While ECG measures the electrical activity of the heart from different angles, VCG captures the 3D magnitude and direction of the
heart’s electrical forces. This provides complementary information to ECG, potentially improving the accuracy of diagnosing certain
cardiac conditions. By synthesizing a 12-lead ECG from VCG data, the diagnostic advantages of both modalities can be realized in a
wearable device.

Several companies are at the forefront of developing innovative mobile VCG solutions that can synthesize
a full diagnostic-quality 12-lead ECG from just a few leads. These devices use proprietary algorithms to
reconstruct the missing leads, offering the convenience and portability of a traditional 3-lead ECG with the
clinical utility of a 12-lead system. This groundbreaking technology has the potential to put hospital-grade
cardiac monitoring in the hands of patients, enabling earlier detection and intervention for life-threatening
conditions like myocardial infarction.

HeartBeam is emerging as a dominant player in the mobile VCG space, with an impressive portfolio of patents covering their
technology for synthesizing 12-lead ECGs from VCG data. By leveraging VCG’s 3D representation of cardiac electrical activity,
HeartBeam’s devices offer the diagnostic power of a full 12-lead ECG in a compact, portable form factor. This could be a game-changer
for early detection of conditions like myocardial infarction in ambulatorv settinas.



In addition to HeartBeam, ambitious startups are also making waves in this space, developing portable devices capable of synthesizing
12-lead ECGs. These devices leverage advanced algorithms to extract a full 12-lead ECG from raw sensor data collected by small
adhesive patches or smartwatches, offering a powerful tool for remote cardiac monitoring and early detection of arrhythmias.

As the market for ambulatory VCG and 12-lead synthesis devices heats up, the focus will be on improving the accuracy and reliability of
these systems while also making them more user-friendly and accessible to patients. With the potential to transform the way cardiac
conditions are diagnosed and managed, these technologies represent a major step forward in the fight against heart disease.

AI/ML in ECG Analysis

The explosion of wearable ECG devices has created a tsunami of cardiac data far beyond what human analysts can interpret manually.
Fortunately, the parallel rise of artificial intelligence and machine learning is providing powerful new tools to make sense of this data
deluge. By training algorithms on vast datasets of ECG recordings, researchers can teach computers to recognize subtle patterns and
anomalies that might escape the naked eye, potentially enabling earlier detection and more accurate diagnosis of cardiac conditions.

In recent years, the number of patents filed on Al-powered ECG analysis has skyrocketed, with over 70 new applications emerging in
the past year alone. These patents cover a wide range of techniques, from deep learning models that can predict atrial fibrillation from a
single-lead ECG to unsupervised learning algorithms that can identify novel arrhythmia subtypes. Some of the most exciting work in this
space is coming from academic institutions like the Mayo Clinic, which has developed a convolutional neural network that can detect
left ventricular systolic dysfunction from ECG data with over 90% accuracy.

As the technology continues to mature, the potential applications of Al in ECG analysis are vast. From identifying patients at risk of
sudden cardiac death to guiding treatment decisions for heart failure patients, these algorithms could transform the way cardiac care is
delivered. However, developing and validating these models requires access to large, diverse datasets, which can be challenging for
individual companies to obtain. As a result, many startups in this space are turning to partnerships and collaborations with academic
medical centers and research institutions to access the data and expertise needed to train their algorithms.

Wearable Cardiac Monitors

The wearable revolution has come to cardiac care, with a new generation of smart, connected devices that can monitor the heart
around the clock. From smartwatches to patch-based sensors, these wearables offer unprecedented convenience and comfort for
patients, while providing physicians with real-time data on their cardiac function. However, as the market for these devices explodes,
the competition is heating up, with major players like Apple, Google, Samsung, Withings, and iRhythm all vying for a piece of the pie.

One of the key battlegrounds in this space is device wearability and signal quality. To be effective, cardiac monitors need to be
comfortable enough for patients to wear continuously, while also providing reliable, high-resolution data on the heart’s electrical activity.
Companies are racing to develop new sensor technologies and form factors that can meet these competing demands, from stretchable
electronics that can conform to the contours of the body, to advanced signal processing algorithms that can filter out noise and artifacts.

Another critical factor is ease of use. For wearable cardiac monitors to be widely adopted, they need to be simple and intuitive for
patients to operate, with minimal setup and maintenance required. This is driving a trend towards more integrated, all-in-one devices
that can handle everything from data collection to analysis and transmission, without the need for separate hardware or software
components.

At the same time, the competitive landscape is being shaped by intellectual property considerations, as
companies seek to protect their innovations and stake out their territory in this lucrative market. With
hundreds of patents being filed on wearable cardiac monitoring technologies, the IP landscape is
becoming increasingly crowded and complex. Companies that can navigate this thicket and secure strong
patent portfolios will have a major advantage in the years ahead, as they look to commercialize their
products and defend their market share.

Ultimately, the winners in this space will be those who can combine cutting-edge technology with patient-centric design and robust
intellectual property. By creating wearable cardiac monitors that are comfortable, reliable, and easy-to-use, while also delivering
actionable insights to physicians and patients, these companies have the potential to transform the way we detect and manage heart

disease, improving outcomes and saving lives in the process.

The insights and analysis presented in this report, were derived from IP Research work performed for HeartBeam an active client of our
firm. Our affiliated company, MDB Capital, has performed investment banking services within the last twelve months for and holds an
equity interest in HeartBeam. As such, readers should be aware of the potential for a conflict of interest or bias in our analysis.
However, we maintain our commitment to providing accurate and objective insights, and our findings are based on thorough research of
the IP landscape. We encourage readers to consider this disclosure when interpreting the information presented in this report.

About PatentVest

PatentVest, a division of MDB Capital Holdings (Nasdaq: MDBH), is the first integrated IP intelligence, strategy, and law firm to enable
visionary companies to develop into technology leaders. By combining our proprietary database with a time-proven IP diligence process
and expert analysis, we deliver actionable insights on the IP landscape to help our clients make informed decisions and stay ahead of
the curve. The trends and competitive insights in this report are powered by PatentVest's proprietary IP intelligence platform. Our
reports keep a pulse on the key players, technologies, and opportunities shaping deep technology markets.

Contact information: info@patentvest.com
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