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Foldax Advances the Next Big Thing in
Heart Valves: Robotic Manufacturing
Salt Lake City, UT
Contact:
Ken Charhut, Co-Founder
and Executive Chairman

For the serial medtech entrepreneurs who founded Foldax, incrementally improving
heart valve implants wouldn’t serve their goal of making a massive impact on
valvular heart disease. Instead, they’re revolutionizing the design, manufacturing,
and cost structure of aortic, mitral, and other valves to come, with a polymer-based
technology amenable to computer-aided design and robotics.

Email:
ken.charhut@foldax.com

Ken Charhut, co-founder and executive
chairman of Foldax Inc., says his
company is operating in the Heart
Valve 4.0 generation. Foldax is making
use of advanced chemistry, computeraided engineering, and robotics to
create a new generation of heart
valves that won’t require patients to
make a devil’s bargain with their lives—
they won’t have to choose between
tissue valves that degrade over time,
such that younger patients would have
to undergo future surgeries, or the
alternative: mechanical heart valves,
which are durable, but come with the
lifestyle consequences of forever being
on blood thinners.
In 2013 Charhut founded Foldax with
three of his compatriots from his alma
mater, Edwards Lifesciences Corp.,
to solve these and other outstanding
problems with heart valves. The
founding team includes VP of R&D
Jason Beith, PhD, whose recent
career experience was at AorTech
International PLC, where he developed
polymer heart valves, and CEO Frank
Maguire, who previously held the CEO
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position at AorTech. Fourth co-founder
Mory Gharib, PhD, is the Hans W.
Liepmann Professor of Aeronautics and
Bioinspired Engineering at Caltech. In
their past medical device experiences,
founding team members frequently
called upon Gharib for his expertise in
fluid and vortex dynamics.
In a field currently dominated by valves
created from animal-sourced tissue
(bovine, porcine, or ovine) Foldax is
developing polymer valves designed
to last a lifetime while eliminating the
need for anticoagulants.

One Valve for Life
Charhut points out that prosthetic tissue
valves fail for one of the same reasons
that native valves fail—calcification that
degrades their integrity. Prosthetic tissue
valves last for 15 years at best. On the
other hand, “With mechanical valves,
you have a quality-of-life issue; patients
are required to be on anticoagulation,
they have to change their diet, and
take care to avoid injury because of
the increased risk of bleeding.” That’s
why, he says, “We started out with

a proprietary engineered polymer
that marries the biostability and
biocompatibility solutions to the issues
that exist in heart valves today.”
Charhut notes that existing tissue valves
started with animal tissue and adapted
implant designs to the qualities of that
material. The animal tissue “is what it
is,” he says, and that’s why heart valves
have only changed by incremental
innovations over the past 50 years.
But in setting out to create from scratch
a valve that would do everything
it needs to do, the company felt it
needed to design a polymer that, at the
molecular level, could meet a long list
of requirements around functionality,
biocompatibility, durability,
deliverability, and manufacturability.
Its proprietary polymer, called
LifePolymer, is well-suited to its tasks.
But Foldax isn’t just about the polymer
or even the innovative polymer valves
it has designed. Rather, those are
products of its automated robotic
manufacturing process, which promises
to revolutionize the efficiency of
delivering heart valves.
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Disrupting and Democratizing
Heart Valves
Foldax has issued patents on LifePolymer,
which is a silicone polyurethane urea.
It’s a member of a class of polymers
that have been used in the human
body in pacing leads for15 years,
Charhut notes. Foldax enlisted the
Australian government agency CSIRO
(Commonwealth Scientific and Industrial
Research Organisation), which is a world
leader in biostable and biocompatible
materials, to develop the new biomaterial
according to the start-up’s list of
specifications. CSIRO has transferred the
material and its manufacturing method
to the company. “We have all the rights
to this polymer,” notes Charhut, and
everything that is required to manufacture
it resides within the Foldax headquarters
in Salt Lake City, UT.
Currently, the manufacture of tissuebased heart valves is a labor-intensive
endeavor. As a first step, the sourcing
of viable animal-derived pericardial
tissue is time-consuming and expensive.
After that, the manufacturing process
involves rooms full of personnel handstitching pericardial tissue and fabric
with sutures and needles to a stent or
frame. Charhut quotes statistics reported
by Edwards about just how complicated
this process is: “making just one tissue
valve takes 150 employees, 40 days of
production, and 5–6 weeks of testing
and packaging, with each assembler
requiring 6 weeks of training.”
The process Foldax uses to create its Tria
product line of valves requires far fewer
resources. There are four ingredients in
the polymer, which is made by a liquid
process that can be automated with
robotics. Making that material into a
heart valve is also an automated process
that requires no stitching. Leaflet formers
inserted into a radiovisible PEEK frame

are robotically dipped into the material,
which dries and forms into a tri-leaflet
design with high tensile strength,
allowing the leaflets to be thin—100
microns thick—yet meet the stresses and
strains of the cardiac cycle. Robotics
enable the precision required to create
leaflets that are about 60% thinner than
tissue leaflets. No human hands need to
touch the valves during manufacturing
(see Figure 1).
The result is a high-yield process that
produces a uniform product, which is
“just about 180 degrees away from
what is being done with animal tissue,
where you have to experiment with it to
get it to the point where it needs to be,”
says Charhut. Here, he says, “We are
using chemical equations, computeraided design, and validating the results.”
Twenty-first century tools, in other words.
There is also a stark contrast in footprint
between the manufacturing operations
for the Tria device versus tissue valves.
While today’s tissue valve manufacturing
requires large global facilities and
thousands of people, “when you remove
the people and allow robots to do it,
Figure 1

Tria Aortic Surgical Valve

Source: Foldax
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they can repeatedly do it in a precise
and high-quality manner and in a small
space.” Foldax can create 4,000 square
foot local manufacturing “pods” staffed
with only a handful of people while
being efficient enough to fulfill the heart
valve needs of an entire country, Charhut
says, “and with the same high quality no
matter where the pod is located.”

Unique Validation Hurdles for
Biomaterials and Heart Valves
To meet regulatory requirements, any
new biomaterial used in an implant
must undergo thorough validation as
to biostability and biocompatibility,
and in heart valves, even more so
because of the stresses and strains of
the cardiac cycle and the interactions
of the leaflet material with its frame
or other device components. These
hurdles have only gotten higher over
time because in the past, polymer heart
valves in development have failed to
meet the requirements for a calcificationfree, antithrombotic implant that can
withstand the stresses of the human heart
valve. Foldax put its material through
years of bench and animal testing
before creating a surgical aortic valve to
conduct its first-in-human work.
The surgical aortic valve is by no
means the company’s largest potential
market, but it provides a good starting
point for several reasons, according
to Charhut. “The surgical aortic valve
came out in the late ’60s. It is the
most studied valve in the most studied
position in the heart,” he says. The
aortic valve also bears high pressures,
so a success here is a good validation
for lower-pressure heart valves. As a
proof-of-concept application, surgical
implantation also removes many of the
variables associated with transcatheter
approaches (e.g., access and delivery).
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Transcatheter aortic valve replacement
(TAVR) is up next—the company
estimates that implant will be in human
studies in 2023.
One-year results of an early feasibility
study (EFS), which enrolled 15 patients
at five sites in the US, were published
in JACC: Cardiovascular Interventions
in December 2021. According to the
study, the Tria surgical aortic valve met its
primary endpoints, and an additional 25
patients were enrolled for a total of 40
patients. In March 2022, the company
began enrolling Tria surgical aortic valve
patients in India, which is the second
largest heart valve market in the world
(after the US) with 100,000 implant
procedures per year, offering Foldax a
potential early revenue opportunity.
Results of the first animal studies for
the Tria TAVR product, which were
presented at the CRT (Cardiovascular
Research Technologies) meeting in early
2022, found that the valve deployed
and functioned successfully with good
hemodynamic results. At 90-days
postimplantation, there was no pannus
(growth of abnormal tissue around
the prosthetic valve, which can result
in valve dysfunction that necessities
additional surgery), and no calcification
or thrombus on leaflet surfaces.
Charhut notes that the first of the early
surgical aortic valve feasibility study
patients are approaching three years
postimplant now, and the company
has also implanted surgical mitral valve
patients in the US under an EFS. “We are
getting close to 100 cumulative years
of patient evidence with the valve,” he
says. The devices still must go through the
prescribed course of clinical trials, but
Charhut believes the start-up has already
reduced a great deal of its clinical risk, at
least in the surgical arena.
In TAVR, Charhut says that Foldax plans
to introduce a cutting-edge product,
“one that we believe will be able to
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compete with anything on the market in
meeting all the outstanding needs the
cardiology community talks about—
access to the coronary arteries, and
alignment, in case you have to do a
valve-in-valve procedure.” He adds,
“Our material is designed to last a
lifetime and we hope you never have to
do a valve-in-valve.”

“Global manufacturing
facilities cannot
currently meet the
cost structure those
countries need. We
can. We can make it
worthwhile for the
patients, clinicians,
and payors.”
—Ken Charhut

Large Global Market
in Mitral Valves
As stated, Foldax plans to be competitive
across all heart valve applications. In
TAVR, it will compete with the major
companies on the basis of serving
younger patients, people who want
neither the risk of additional surgeries nor
the lifestyle complications of mechanical
valves and blood thinners.

But in mitral valve disease, which
is an even larger market outside
the US because of the prevalence
of rheumatic fever in certain
countries—which is responsible
for 40 million cases of rheumatic
heart disease across the globe—
the company’s products will really
stand out from competitors because
of the cost savings and ease of
supply its automated, small-footprint
manufacturing process enables.
“Global manufacturing facilities
cannot currently meet the cost structure
those countries need. We can. We can
make it worthwhile for the patients,
clinicians, and payors,” says Charhut.
US health systems are also clearly
interested in the economic proposition
Foldax offers. Among the investors
that have helped the company raise
$40 million to date (up through the
latest Series D round in June 2022)
are three hospital systems, including
the innovation fund of MemorialCare
Health System (Fountain Valley,
VA), The Christ Hospital Health
Network (Cincinnati, OH), and an
unnamed hospital system in Kentucky.
Additional investors include Angel
Physicians Fund, Sayah Bioventures,
BioStar Capital, Kairos Ventures, and
Caltech.
But perhaps the biggest differentiation
for the company is the opportunity
to offer, in the future, a personalized
solution to heart valve disease.
Charhut notes that today there is no
regulatory pathway to personalize
heart valves. “The FDA requires that
you make available every valve size
in 2-mm increments to do your study.
But if we want to get there, we have
the platform that can do that. It would
only take hours to create a finished
heart valve from a patient’s cardiac
MRI.”
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