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Heart Failure
MILFORD, MA
contact

Jim Dillon, CEO
jdillon@
reprievecardio.com

year founded
2018
who’s behind it
Jim Dillon, a
cardiovascular industry
veteran who is also pres.
& CEO of RenalGuard;
Andrew Halpert, CTO
and a RenalGuard
co-inventor; Howard
Levin, MD, a heart
failure/transplant
cardiologist and pres. &
CEO of medical device
incubator Coridea
unmet clinical need

When using diuretics
to treat acute
decompensated heart
failure, clinicians are
challenged to strike a
balance between underand over-diuresing
patients to relieve fluid
overload. Over-diuresis
can damage the kidney
and other organs,
contributing to lengthy
and costly stays and
high rates of hospital
readmissions
solution
Reprieve’s Guided
Diuretic Therapy
reduces fluid volume in
a safe and controllable
way by delivering fluid
in response to urine
output. Next-gen
theranostics will help
clinicians optimize
diuretic therapy over
the long term
funding to date
$7 million round in
Reprieve and sister
company RenalGuard
Solutions in which
Abiomed participated
along with existing
investors
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REPRIEVE CARDIOVASCULAR:

Improving the Front-Line therapy for
Acute Decompensated Heart Failure
Reprieve Cardiovascular’s Guided Diuretic Therapy for fluid
overload optimizes diuretics, today’s front-line therapy for acute
decompensated heart failure, in a way that promises to be faster,
safer, and, in the long run, more helpful for patient management
than drugs on their own.
Reprieve Cardiovascular Inc. was launched just
five months ago to address the leading cause of
hospital admissions among older patients: acute
decompensated heart failure (ADHF). In the US,
one million patients with ADHF end up in the hospital each year.
Although the start-up hasn’t been in business
long, it has hit the ground running because the
technology at the heart of its novel heart failure therapy has already been used in 20,000

The use of diuretics is
challenging, says Levin, who
describes the “over-under”
of ADHF.
patients, 2,000 within clinical trials in Europe, for
a different clinical indication. “That’s an important
advantage,” says CEO and co-founder Jim Dillon,
“because it translates to manufacturing experience and an incredible safety profile.”
Reprieve Cardiovascular’s core technology was
developed by the team behind RenalGuard Solutions Inc.; Howard Levin, MD, a heart failure cardiologist who created and leads the medical device
incubator Coridea, and Andrew Halpert, an elec-

by
MARY STUART

trical engineer who worked on Coridea’s start-up
CHF Solutions Inc., which developed an ultrafiltration system to alleviate fluid overload in chronic/
rescue heart failure patients.
RenalGuard developed a medical device to
protect the kidneys of patients who receive contrast agents during imaging procedures in cardiac
catheterization labs. Contrast is toxic to kidneys,
so the team developed a system that dilutes contrast and increases urine output to decrease its
contact with kidney cells. Before imaging
procedures, patients receive an injection of
a diuretic. The RenalGuard system then constantly measures urine output and reinfuses
an equal volume of hydration fluid.
The use of RenalGuard in the cath lab led
to an insight that was the impetus for the
creation of Reprieve Cardiovascular: “The
maintenance of intravascular volume generated significantly more urine output per
amount of diuretic given, that is, the diuretic
efficiency was markedly better in those patients,”
says Howard Levin. RenalGuard thus emerged as
an adjunctive treatment for ADHF, where diuretics
constitute the chief therapy for the management
of fluid overload.
The use of diuretics is challenging, says Levin,
who describes the “over-under” of ADHF. The
removal of too much fluid from the intravascular volume might cause a deterioration in hemodynamics, or even a drop in cardiac output that
results in the inadequate perfusion of key organs,
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including the kidneys. As renal protective mechanisms kick in, the body
retains more sodium and water, creating a vicious cycle.
Too little diuresis is also undesirable, because a patient who is not
properly decongested remains in an
unhealthy state that increases the
length of stay and the likelihood of
readmission to the hospital.
Clinicians and hospitals thus perform a challenging balancing act
around the health of heart failure patients and the economics of
healthcare. If ADHF patients stay
in the hospital for too long, profitability is impacted under bundled
payment models, and there is an
additional opportunity cost for
keeping an ICU bed occupied by an

unprofitable patient. But if patients
are released too soon, they are
more apt to return to the hospital.
Under Medicare’s Hospital Readmissions Reduction Program, more than
half of health systems have to pay
penalties for heart failure readmission rates above a certain threshold
(too many patients coming back too
soon). They also stand to gain from
increased reimbursement if their
readmission rates are much lower
than the benchmark.
Levin points out that 90% of all
heart failure admissions are due to
volume overload, not pump failure.
“Patients have too much volume on
board. They’re short of breath, have
impaired organ function, and are at
risk of having an adverse event that
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you can’t prevent by adjusting their
meds on an outpatient basis and
sending them home.”
Levin noted that patients being
treated with RenalGuard for contrast
induced nephropathy had much larger
and prolonged response to diuretics than expected. For this and other
physiological and clinical reasons, he
saw an opportunity to help remove
excess fluid in heart failure patients
who are more resistant to diuretics.
RenalGuard’s management team
made the decision to form a new
heart failure-focused company to help
its platform evolve into a new market
with the right clinical—and financial—
support. The strategy appears to be
working; Abiomed Inc. came in on a
$7 million financing round in August

Figure 1

Reprieve Cardiovascular Optimizes Diuretics to Precisely Control Decongestion
Current Platform

Theranostics – in Development

• Current device platform.

• Real-time diagnostics: sensors built into urine collection set.

• CE-Marked for “ﬂuid balancing.”

• Front-line therapy: combination of sensor readings with
urine output data to optimize therapeutic decongestion.

• HF application functional with current device technology.
• Expanding inpatient and potential outpatient site of care.
NET FLUID
LOSS LIMIT

• Iterate treatment algorithm with machine learning and
artiﬁcial intelligence.

Infusion Rate

600 ml/hr

-100 ml/hr

INFUSES HYDRATION FLUID
MEASURE URINE OUTPUT
Urine Output Rate

700 ml/hr

NET FLUID REMOVAL
-100 ml/hr

Source: Reprieve Cardiovascular
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2018 for both companies. And the
heart failure focus has increased the
company’s visibility in the right clinical community; Reprieve counts as one
of its early adopters in Europe Piotr
Ponikowksi, MD, (Department of Heart
Disease, Medical University, Wroclaw,
Poland) who, as an author of European’s Society of Cardiology’s guidelines
for the diagnosis and treatment of
heart failure, was involved in writing
the guidelines on the use of diuretics.
Reprieve Cardiovascular’s diuresis
technology could help get patients out
of the hospital both earlier and better decongested. “We could improve
their volume status, reduce length of
stay, reduce readmissions, and everything that everyone wants to do in
heart failure,” says Levin, who adds
that there is another way to look at it.
If, because of more efficient and effective diuresis, the hospital could get a
patient off a ventilator and out of the
ICU sooner, and if the renal function
of patients improves so they’re eligible for other therapies that require
good kidney function, there could
ultimately be mortality benefits. “It’s
not just about what we can do today,
but what kinds of other therapies we
enable or what kinds of therapies can
be avoided,” Levin says.
Reprieve Cardiovascular achieved
its proof-of-concept by studying the
effect of the existing RenalGuard system on 10 heart failure patients, using
the conventional paradigm for diuretic
management, which involves administering low doses of diuretics to slowly
lower fluid volume (to avoid the risks
of hypovolemia and its consequences,
as noted.) According to Professor Ponikowski, an investigator for that feasibility study, which is called Target I,
there was a 70-plus percent increase
in diuretic efficiency, all patients felt
better after the therapy, and there was
improvement in the signs and symptoms of congestion. The therapy was
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safe, with no procedure-related side
effects. “These effects, which were
much bigger than we expected, came
as a positive surprise,” he said, when
presenting the results at the European
Society of Cardiology’s Heart Failure
congress in May 2018.
A second trial in Europe, called
Target II, was designed to determine whether the safety net the system offers in terms of maintaining a
healthy fluid balance would enable
rapid but safe fluid removal in patients
given a high initial dose of diuretic.
The study is still ongoing, but early
results have shown an improvement
in diuretic efficiency as demonstrated
by a doubling over the baseline level
of net fluid loss within 24 hours. “The
studies in Europe have confirmed the
diuretic efficiency of urine removal
in diuretic-resistant heart failure
patients,” says Dillon.
While initial development efforts are
focused on improving the way patients
are treated today—that is, in the hospital, with diuretics—the company is
already working on a new theranostics
platform that marries simple front-line
diagnostics with therapy to improve
overall patient management. The third
generation system will incorporate
sensors that monitor sodium and other
parameters in urine as well as machine
learning to help clinicians answer three
relevant questions, says Andrew Halpert: “Does the patient have enough
retained kidney function in order to
benefit from diuretic therapy, or do
they need more aggressive therapy? Is
the current fluid removal rate too high
or too low? Is the current diuretic dose
too high or too low?” Clinicians have
never had this information before, and
without it, valuable time is lost. Even at
highly regarded centers, says Dillon, it
can take days for clinicians to figure out
the right dose of diuretic to get patients
headed in the right direction. “We are
trying to get to the point where you

can answer those questions within
hours, so the clinician can optimize the
diuretic dose and fluid removal rate
within hours,” he says.
The answers to these questions will
not only make treatment in the hospital setting more efficient and predictable, they will also help clinicians
better manage patients on diuretics at
home. And the information will underpin a new delivery strategy—guided
diuretic therapy on an outpatient basis,
with the goal of keeping heart failure
patients out of the hospital in the first
place. This is an opportunity that has
already been enabled by companies
developing implantable heart failure
sensors like Medtronic PLC’s Chronicle
and CardioMEMS from Abbott Laboratories Inc., and digital apps like Bluetooth-enabled weight scales, all aiming
to give early signs of impending ADHF.
As to how Reprieve Cardiovascular’s
new offering will fit into the workflow
of hospitals, Levin says “We are automating, in a real-time fashion, the
front-line therapy that they are already
comfortable with. We are not changing
the standard of care, we are making
it better.”
It’s too soon to discuss pricing, but
Dillon relates it to the hourly costs of a
patient in an intensive care setting. “It
is fair to say that the first generation
off-the-shelf Reprieve commercial system would cost less than a couple of
hours in the ICU.”
In five short months, Reprieve Cardiovascular has advanced swiftly. The
next move is the completion of Target
II, and the beginning of an early feasibility study in the US. The FDA has
granted approval for the company to
study 40 patients at five sites, which
will help it rapidly iterate its protocol
and technology and get it closer to its
ultimate goal of benefitting millions of
patients worldwide.
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