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nterest in heart failure technology is strong lately,

as evidenced by Johnson & Johnson'’s recent

acquisition of Abiomed; J&J paid $16 billion for the

diversified cardiac device manufacturer, which was
founded in 1981 to develop the world’s first artificial heart.
Since then, Abiomed has expanded through several key
acquisitions of its own to support compromised hearts in
various ways. Artificial heart pumps, in use for nearly 60
years, have mainly been relegated to temporary circulatory
support for patients following cardiac surgery or leading
up to a heart transplant. These pumps, called left ventricular
assistance devices (LVADs), have traditionally required
open-heart surgery to implant. In the last few decades,
however, there has been a rise in pVADs (percutaneous
ventricular assist devices), LVADs designed for minimally
invasive percutaneous catheter delivery. The ability of
pVAD:s to stabilize hemodynamics makes them more
broadly applicable than originally foreseen, and as the
technology has matured, its range of indications has grown
commensurately from a short-term crutch for patients with
heart failure to a permanent solution and a buffer against
complications in high-risk coronary procedures.

Support for Complex Surgery

Together, high-risk angioplasty and complex percutaneous
coronary interventions (PCls) account for nearly 440,000
procedures annually in the US, more than twice as many
as three years ago. These patients suffer from advanced
coronary artery disease or complicating comorbidities
that make interventional procedures too risky without
mechanical circulatory support. Additionally, pVADs are
used fo treat patients suffering from cardiogenic shock,
which can occur following a severe heart attack. There
are an estimated 165,000 cardiogenic shock cases in the
US each year and despite intervention, the condition is
still associated with a high rate of morbidity as it suddenly
renders the heart too weak to adequately pump blood to
vital organs.

An increasing trend of pVAD use is accompanied by a
decline in the use of therapies such as extracorporeal
membrane oxygenation or intra-aortic balloon pumps,
which lack some of the safety features built into more
modern devices and have been associated with cases of
ischemia, arterial injury, and stroke. These complications
can be costly, and have prompted many interventional
cardiologists to opt for a more economical percutaneous
solution that entails less risk. Several companies, both
large and small, have set out to provide such solutions
with greater capabilities than pVADs have historically
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demonstrated (see Figure 1). MedTech Strategist
spoke with three developers of novel pVADs: Supira
Medical, Magenta Medical, and Puzzle Medical
Devices, companies dedicated to ameliorating patient
outcomes, improving economics, and addressing a
greater range of indications.

Turbine-Inspired Design With a Low Profile

Supira Medical, a portfolio company of Silicon Valley-
based innovation hub Shifamed, is developing a next-
generation pVAD. Following a proven strategy that has
led to several successful exits, Shifamed empowers its
portfolio companies with in-house technical prowess to
create refined solutions that deliver value for patients
and physicians. To date, Supira has raised $80 million
over three rounds, led by Cormorant Asset Management
and The Capital Partnership with additional participation
from 415 Capital, AMED Ventures, PA MedTech VC
Fund, and Shifamed angel investors.

The Supira System's differentiated design is infended to
support cardiovascular hemodynamics in both high-risk
PCl and cardiogenic shock patients. CEO Nitin Salunke,
PhD, attributes inspiration for the device's impeller to

the efficiency of a high-speed turbine and credits his
team with the creativity and resourcefulness to adapt the
mechanical principle across clinical sectors. “We believe
the combination of low profile and high continuous flow
is a significant advancement that will evolve the space as
it will allow physicians to confidently address two critical
indications with a single device,” he explains. To ensure
optimal functionality, the Supira team leveraged cutting-
edge component technology and equipped the device
with multiple sensors for direct pressure measurements, as
well as continuous fluid management and air detection.

The company recently initiated its first-in-human

study, led by principal investigator, Adrian Ebner,

MD (Sanatorio ltaliano Hospital), based in Asuncion,
Paraguay. Three leading US interventional cardiologists,
Gagan Singh, MD (University of California, Davis),
Susheel Kodali, MD (New York Presbyterian/Columbia
University Medical Center), and Azeem Latib, MD
(Montefiore Health Systems), participated in the first
cases along with Ebner. Building on that successful
momentum, the company is preparing to expand its
clinical program, a critical stepping stone on the path
to PMA. To date, six patients have been treated with
positive results. Enrollment is planned to resume in Q2
and will include several new design features.
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An example of Shifamed’s frequent “fast-follower” strategy,
Supira’s innovation aims to overcome the limitations of pump
performance and device size seen with first-generation pVAD
technologies. Salunke says catheter size proportionally impacts
bleeding complication rates, requiring diligent access site
management, particularly for larger-diameter pumps. In his
experience, physicians might be willing to sacrifice flow rate

in favor of a smaller pump in cases with compromised patient
anatomy or other risk factors, but with the Supira System, they
will no longer have to choose. According to Salunke, the future
of pVAD:s will bring smaller and smarter devices that will build
upon the fundamentals of interventional cardiology but improve
the ease-of-use and therapy efficacy.

Figure 1
Selected Companies Developing pVADs

Funding

Company & Device Stage (Primary Investors)

Supira Medical

Clinical $80 million
(Cormorant Asset
Mgmt., The Capital
Partnership, Shifamed
Angels, 415 CAPITAL,
AMED Ventures, PA
MedTech VC Fund)
Clinical $44 million
(Broadview Ventures,
Cordis-X, Desjardins
Capital, Longview
Ventures)

$19 million
(Pitango, NEA, ALIVE,
Fresenius, Abiomed)

Puzzle Medical
ModulHeart

Magenta Medical
Elevate

Clinical

Now part of
Johnson &
Johnson

Clinical

Publicly traded
(NASDAQ: LIVN)

Publicly traded
(NASDAQ: CSlI)

Abiomed Impella Post-IPO, purchased by

J&J for $16.6 billion

$59 million
(Bluebird Ventures,
Fannin Partners,
Scientific Health
Development)

Procyrion Aortix

Livanova
Tandemheart

csl
Propel

SOURCE: MedTech Strategist

$98 million

(Silicon Valley Bank,
Partners for Growth,
Firminvest, Mitsui
Global Investment)
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$2.7 billion Cardiopulmonary
bypass

High-Risk PCI

Current pVAD average selling prices (ASPs) are approaching
$25,000, with reimbursement in the $60-70,000 range.
Supira’s device costs are significantly lower, positioning the
company for solid margins as it looks to scale operations. “We
included a manufacturing operations department early in our
development journey, which worked hand in hand with R&D to
make the product easy to manufacture at a more reasonable
cost,” says Salunke.

Expanding On the Gold Standard

Another emergent company in this space is Magenta Medical,
a start-up based in Kadima, Israel, with a different approach
to delivering maximal blood flow in a minimal-diameter pump.

Delivery Flow Rate
Size (LPM)

10 Fr

Status

FIH study

complete,
next study
beginning

soon

Indications

High-Risk PClI,
cardiogenic shock

>5.6 mean
(continuous
flow)

Advanced heart 10 Fr
failure, cardiorenal

syndrome

FIH study
complete

High-Risk PClI, 10 Fr

cardiogenic shock

Approval
Pending

21 Fr Available

internationally

High-Risk PCI 4-6 peak,

varies by
model

5 max Available
internationally

-

complete
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Decompensated 18 Fr
heart failure,
congestive heart
failure, cardiorenal
syndrome , acute
kidney injury during
cardiac surgery

Enrolling for
clinical trial

15-17 Fr

12 Fr
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CEO David Israeli, MD, invested in the company from its
inception, when he was a partner with Pitango Venture Capital,
and assumed the day-to-day management role in 2017. Prior

to joining Magenta, Israeli worked in various capacities at
Medtronic after receiving an MBA from Harvard Business School.
“Earlier in my professional career, | worked a lot on heart failure,
EP [electrophysiology], and structural heart devices,” Israeli

says, noting that since joining Magenta he’s added mechanical
circulatory support (MCS) to his repertoire of cardiac device
experience. “Five years in, it's far from new to me.”

At the outset, the company had intended to develop a pump
to decompress the kidneys during decompensated heart
failure, though what they created was soon discovered to

be pertinent to other indications. “We understood, like many
others in the space, that there is no single silver bullet that
applies well for the entire population of acute decompensated
heart failure,” says Israeli. However, the development process
yielded a self-expanding pump with a fully crimpable yet
durable impeller, comprising a nitinol frame and flexible
blades. Recognizing in mechanical circulatory support (MCS)
the constraints of rigid devices with relatively large French
sizes, the company decided to pivot its focus to MCS for high-
risk PCl and cardiogenic shock.

The distinction in functional needs between these two indications
is largely in the duration of operation, with PCl rarely exceeding
six hours, while with cardiogenic shock, patients need an
average of two to five days of support, and up to two weeks in
rare cases. Although the prophylactic use of MCS in high-risk
PCl procedures and its therapeutic use in cardiogenic shock
may differ philosophically, high flow rates and a small size are
desirable device attributes for both indications. Israeli estimates
the combined market for both at about $4.6 billion in the US
and likely double that globally.

The high-risk designation of a PCl is determined by left
ventricular dysfunction (an ejection fraction below 50%), as
well as by the anatomy, severity, and extent of the coronary
artery disease. Ejection fraction is significantly reduced in
virtually all cases of cardiogenic shock, whether caused by
extensive myocardial infarction or severe decompensated heart
failure. Thus, a high-flow device is necessary for these patient
populations, but specific metrics matter. “Impella devices are
named after their peak flow,” Israeli says, “but what's more
meaningful hemodynamically or physiologically is actually mean
flow.” Magenta’s Elevate device has a mean flow exceeding
five liters per minute and a peak flow far exceeding seven liters
per minute, restoring blood flow to that of a healthy heart.

Thanks to the combination of a memory-shape alloy and
flexible materials used in the construction of the device, Elevate
deploys to 30 Frinside the heart, yet can be crimped down to
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an 8 Fr diameter. As such, it is compatible with commercially
available 10 Fr delivery sheaths, as opposed to the proprietary
sheaths required by other devices. From the touchscreen of the
bedside controller, the pump’s RPM can be easily adjusted,
and full hemodynamic data can be displayed. Magenta is due
to begin a US feasibility study for Elevate this year, the first

step toward PMA clearance as a Class Ill device. So far, 15
patients have been treated outside the US, with the data from
these procedures presented at the Transcatheter Cardiovascular
Therapeutics conference in 2022.

Once Elevate is commercialized, Israeli expects early customers
to be high-volume PCl centers and those already using
percutaneous MCS devices. The CEO anticipates pricing to be
on par with existing devices, explaining, “Our intention is to
price within the parameters of existing reimbursement codes for
MCS devices.” Magenta's last reported round of fundraising
closed in July 2019, and was led by NEA (undisclosed amount
or valuation), though Israeli says that to date the company has
raised “in the tens of millions.” The company’s main investors
include NEA, Pitango, ALIVE, Fresenius, and Abiomed.

Managing Heart Failure Long Term

With certain modifications, a pVAD can be beneficial not only in
acute cases of heart failure, but in patients with chronic disease
as well. In 2018, mechanical engineer Jade Doucet-Martineau
joined cardiac surgeon Gabriel Georges, MD, and robotics
engineer Francois Trudeau to address unmet needs in patients
with advanced cardiorenal syndrome and decompensated
heart failure. “There were no optimal treatment options,” says
Doucet-Martineau. “Large LVADs require open heart surgery,
which is too risky for frail patients.” They formed Puzzle Medical
Devices in Montreal, QC, with Doucet-Martineau as CEQ,

and began interviewing dozens of clinicians to get a thorough
understanding of the problem.

Puzzle’'s ModulHeart is unique in its parallel pump unit
alignment, which, thanks to a larger cross-sectional area
reducing recirculation, minimizes shear stress that rotor

pumps with greater tangential speeds tend to exert on blood
components. As a result, the initial study completed on
ModulHeart demonstrated Von Willebrand factor preservation,
a coagulation marker that corresponds inversely with bleeding
risk, along with low hemolysis, and low platelet activation

with no sacrifice in performance. “Full kidney perfusion and
cardiac function are both increased thanks to our device,” says
Doucet-Martineau, having seen in the study a 25% increase in
cardiac output, an increase in urine output from 40.3 cc/hour to
353.6 cc/hour, and a 78% decrease in left ventricular diastolic
pressure. With these performance metrics, Puzzle's vision is to
ultimately increase survival rates for patients.
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ModulHeart's name comes from its modular design, containing three 4-mm pump units

in parallel with the intention of reducing the RPM of each to provide full support without
risking blood damage. The entire assembly is quick and simple for clinicians to assemble
and position by unsheathing it within the patient. A 10 Fr drive line connects to the axillary
access, keeping the implantation diameter tolerable while facilitating hemostasis. The
portable battery and controller unit includes a proprietary anchor system to stabilize the
apparatus, enabling uninhibited patient mobility compared with other devices with station-
ary controllers or large tubes that hinder a full range of motion.

Advanced heart failure constitutes a $144 billion global market, and Puzzle's primary
competition is optimal medical therapy, which is associated with a mortality rate of 50%
within the first year. Left ventricular assistance devices (LVADs) have been proven to
significantly increase two-year survival rates but require weeks of hospitalization after
an intensive implantation procedure that can take hours, limiting their accessibility for
high-risk patients. By contrast, ModulHeart takes five minutes or less to implant with no
adverse events to date.

Puzzle recently completed a Series A round at 34 million CAD led by Cordis-X, Longview
Ventures, Desjardins Capital, and BDC Capital’s Thrive Venture Fund. This funding will
enable a 15-patient human feasibility study that will take place across two sites. Doucet-
Martineau is hopeful for commercialization around 2026 following a pivotal study
planned for 2025. The company'’s local regulatory authority, Health Canada, follows the
FDA as far as its requirements of evidence.

The Future of pvVAD

According to the National Institutes of Health, surgically implanted LYADs have offered
heart failure patients progressively better outcomes over the last several decades, though
complications like pump thrombosis and Gl bleeding have been bumps in the road. For the
most part, however, conventional ventricular assist devices haven't offered the right risk-to-
reward profile for shorter-term use, although Abbott’s multipurpose implanted CentriMag
device is marketed for up to 30 days of acute circulatory support. lts Maglev technology
uses electromagnetism to spin a levitating rotor, cutting down on contact friction, shear
stress, and blood stagnation. Onboard sensors adjust the propulsion 50,000 times per
second to account for external factors.

By comparison, the relative ease of a percutaneous solution, particularly one with a low
catheter profile, shows great promise for temporary and chronic cardiovascular care.
Improving flow rates for minimally invasive pVADs to match surgically implanted devices
remains a challenge to be solved, with the latter currently exceeding the former by at

least one liter per minute on average. Another challenge is infection of the area where the
driveline exits the skin and connects the device to its controller, with incidence rates as high

as 20-30% as of 2019.

Yet, now that innovative companies have demonstrated that smaller devices with better
safety metrics don't have to come at the expense of mechanical potency when it comes to
circulatory support, the boundaries of pVAD applications are much less limited. Plus, a bit
of creativity, such as Procyrion’s choice to design the Aortix device to be implanted in the
descending aorta as opposed to the left ventricle itself, may enable surgeons to address

a greater range of indications, even with larger-profile devices. As pVAD technology
continues to evolve, more patient groups stand to benefit from such devices, broadening the
clinical reach of heart pumps as the hurdles above are surmounted. 73
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