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Pulsatile ECMO

The Future of Mechanical Circulatory Support
for Severe Cardiogenic Shock

®

The utilization of temporary mechanical circulatory
support (tMCS) has increased significantly over the
last 40 years for stabilization of salvageable patients;
however, there has not been much improvement in
survival when used for cardiogenic shock, which has a
current mortality of around 50%."> Many efforts have
been devoted to better understanding the stages of
cardiogenic shock, as well as how combinations of
both drugs and devices can increasingly be used to
strive for recovery of the native heart.>* Despite the
clear and urgent need for improving outcomes, none
of the clinical trials has found convincing evidence for
a survival advantage using tMCS compared with other
forms of care.* Therefore, new approaches to under-
standing the pathophysiology of cardiogenic shock, as
well as novel technologies, would be beneficial.”

Veno-arterial extracorporeal membrane oxygena-
tion (VA ECMO) is the most commonly used mode of
tMCS for cardiogenic shock to efficiently provide
cardiopulmonary support. Conventional VA ECMO
uses continuous-flow devices to achieve circulatory
support; this approach increases afterload and work-
load on a struggling heart, often leading to inability of
the aortic valve to open and is associated with a high
mortality rate even with restoration of adequate cir-
culatory flow."3*

The complication of increased left ventricular
afterload has led to recognizing the importance of
unloading or venting of the left ventricle (LV) while
on ECMO to avoid distension and increased wall
stress. This can be achieved by using various tech-
niques, all of which require alternative technologies
and major interventions and are sometimes deployed
too late.? At a physiological level, it is hypothesized
that unloading the LV could help increase the likeli-
hood of recovery by decreasing the heart’s metabolic
demands and allowing time for it to rest.
of the
continuous-flow ECMO systems is the resultant lack
of pulsatility. Physiological pulsatile
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important to deliver hemodynamic energy
throughout the vascular bed and perfuse the organs
at the microcirculatory level. To date, there has been
less recognition and understanding of the disadvan-
tages of lack of pulsatility in the systemic circulation,
although awareness is growing.”

Early evidence suggests that pulsatile VA ECMO
improves macrohemodynamics and helps the heart
rest. It also preserves the microcirculatory hemody-
namics and vascular adaptation throughout the sys-
temic circulation, and protects multi-organ metabolic
function, potentially leading to improved overall
survival.”

We propose a novel volumetric-displacement
ECMO device that overcomes these two major limi-
tations of the current technologies.” Our pump com-
bines dynamic afterload reduction with generation of
physiological pulsatile flow in a counter-pulsation
mode. By triggering off the electrocardiogram
signal, this pulsatile pump can deliver up to a 40 mL
“stroke volume”® during the native heart’s diastolic
phase, against the closed aortic valve and into the
elastic arterial vasculature. This technological
advancement will more effectively unload the LV in
favor of recovery while simultaneously providing a
physiological pulse that will prevent the microcircu-
latory dysregulation throughout the body that often
accompanies cardiogenic shock.

The system can deliver a true pulse through stan-
dard components, such as oxygenators, perfusion
circuits, and cannulae, that are used clinically. It can
be incorporated into typical VA ECMO configurations
through various access sites, or in new methods of
tMCS made possible by the unique pump design.

In the VA ECMO configuration, the device delivers
an augmentative timed volumetric pulse into the
systemic circulation. Benchtop testing shows a 10% to
20% reduction in the pressure-volume-area to native
stroke-volume ratio, potentially resulting in a subse-
quent decrease in myocardial oxygen consumption
while improving the total combined cardiac flow
(augmentative extracorporeal flow + reduced native
flow). Evidence suggests that this reduction in
metabolic demand will help the heart rest and ulti-
mately recover.? Furthermore, with this pulsatility,
greater hemodynamic energy is delivered throughout
the systemic circulation.”

For patients who have isolated left-sided heart
failure, the pump can be attached to a subclavian
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FIGURE 1 VentriFlo True Pulse Pump: Console and Blood Pump

The technology described herein is covered by one or more patents issued or pending (see https://VentriFlo.com/Patents).

graft or femoral arterial cannula in a novel “arterial-
arterial” configuration (AA-ECMO). In this setting, the
pump can be timed to provide counter-pulsation
regarding the native heart, thereby reducing the
pressure and volume in the arterial tree ahead of left
ventricular contraction and returning the volume
(and pressure) to the arterial tree after the aortic
valve has closed and the heart is in diastole. Not only
does this reduce afterload and promote greater ejec-
tion fraction from the recovering LV, but the extra-
corporeal pump can also return the “stroke volume,”
through the oxygenator, with greater hemodynamic
energy, improving pulsatile perfusion to the heart
and other downstream organs.

This configuration is only possible with a highly
responsive, pressure-sensitive, volume-displacement
or true pulse pump, one that can strategically remove
a discrete volume of blood at the appropriate part of
the native cardiac cycle and return it through an
oxygenator (which is not possible with any other
“unloading” technology). The design of this volume

displacement pump uses a linear motor coupled to a
translucent flexible membrane and clear chamber
with separate one-way inlet and outlet valves,* which
when connected to a “Y” and the arterial graft or
cannula, allow single-site access to the systemic cir-
culation. In addition to being able to oxygenate the
blood, nothing contacts any part of the heart. This
method offers potential benefits, including reduced
risk of bleeding, limb ischemia, LV collapse, ar-
rhythmias, and device-made aortic regurgitation. It
may also provide better multi-day management of an
awake patient.

VentriFlo® True Pulse Pump™ is a patented pul-
satile extracorporeal pump (Figure 1) that has been
used in multiple extended (6-hour) cardiopulmo-
nary bypass animal studies.” This pump is incor-
porated into the novel ECMO circuits proposed here
aimed at achieving the stated objectives of creating
a timed pulse delivered into ECMO circuits that
overcome the shortcomings of the conventional
continuous-flow ECMO systems.

Letters

457



458

Letters

*Douglas E. Vincent, BSME?*

Nader Moazami, MD®

David D'Alessandro, MD®

John F. Fraser, MBChB, PhD®

Silver Heinsar, MD, PhD¢

Ellen T. Roche, PhD®

Brian C. Ayers, MD“¢

Manisha Singh, PhD®

Nina Langer, MSME®"

Shriprasad R. Deshpande, MBBS, MS®
R.D.B. Jaquiss, MD"

Kiyotaka Fukamachi, MD, PhD'

Seyed Alireza Rabi, MD, PhD"
Asishana Osho, MD, MPH®

Taiyo Kuroda, MD, PhD'

Jamshid H. Karimov, MD, PhD'
Takuma Miyamoto, MD, PhD!
Palaniappan Sethu, PhD"

Guruprasad A. Giridharan, PhD!

Knut Kvernebo, MD, PhD™

Jack Copland, MD"

*VentriFlo, Inc

70 Bridge Street, Unit #7

Pelham, New Hampshire 03076, USA
E-mail: DougVincent@VentriFlo.com

From the VentriFlo, Inc, Pelham, New Hampshire, USA;
bPNYU Langone Medical Center, New York, New York,
USA; “Massachusetts General Hospital, Boston, Massa-
chusetts, USA; 9Critical Care Research Group, The Prince
Charles Hospital, University of Queensland, Brisbane,
Queensland, Australia; ¢Massachusetts Institute of
Technology, Cambridge, Massachusetts, USA; fMonash
University, Melbourne, Victoria, Australia; #Children’s
National Hospital & George Washington University,
Washington, DC, USA; PChildren’s Medical Centers/UT
Southwestern Medical Center, Dallas, Texas, USA; 'Cle-
veland Clinic, Learner Research Institute, Cleveland,

JACC: BASIC TO TRANSLATIONAL SCIENCE VOL. 9, NO. 4, 2024
APRIL 2024:456-458

Ohio, USA; iThomas Jefferson Hospital, Philadelphia,
Pennsylvania, USA; University of Alabama-Birming-
ham, Birmingham, Alabama, USA; 'University of Louis-
ville, Louisville, Kentucky, USA; ™University of Oslo,
Oslo, Norway; and the "University of Arizona, Tucson,
Arizona, USA.

Mr Vincent is the President and CEO of VentriFlo, Inc, and has been employed
by the company throughout these efforts. VentriFlo, Inc, is a privately held,
investor-funded company. All other authors have reported that they have no
relationships relevant to the contents of this paper to disclose. The VentriFlo
True Pulse Pump is in development, for Research Use Only, and has not yet
been reviewed or cleared by the U.S. Food and Drug Administration (FDA) for
use on humans. The technology described herein is covered by one or more
patents issued or pending (see https://VentriFlo.com/Patents). VentriFlo and
the VentriFlo logo are registered trademarks of VentriFlo Inc. Blood Flow The
Way It Should Be, True Pulse Console, and True Pulse Pump are trademarks of
VentriFlo, Inc. Previous work on this technology was supported by grant
P50FD004895 from the FDA. The contents of this publication are solely the
responsibility of the authors and do not necessarily represent the official views
of the FDA. The authors acknowledge the Sheikh Zayed Institute for Pediatric
Innovation and the National Capital Consortium for Pediatric Surgical
Innovation.

This work was presented at the 2024 CRF THT Shark Tank, March 4-6, 2024,
Boston, Massachusetts, USA.

Editor’s Note: To view the authors’ full presentation at TCTMD Shark Tank,
please visit https://www.jacc.org/journal/basic-translational/tht-2024-shark-
tank.

The authors attest they are in compliance with human studies committees and
animal welfare regulations of the authors’ institutions and Food and Drug
Administration guidelines, including patient consent where appropriate. For
more information, visit the Author Center.

REFERENCES

1. Thiele H, Zeymer U, Akin I, et al. Extracorporeal life support in infarct-
related cardiogenic shock. N Engl J Med. 2023;389:1286-1297.

2. Kanagarajan D, Heinsar S, Gandini L, et al. Preclinical studies on pulsatile
veno-arterial extracorporeal membrane oxygenation: a systematic review.
ASAIO J. 2023;69:e167-e180.

3. Ezad SM, Ryan M, Donker D, et al. Unloading the left ventricle in venoar-
terial ECMO: in whom, when, and how? Circulation. 2023;147:1237-1250.

4. Kapur NK, Kanwar M, Sinha SS, et al. Criteria for defining stages of
cardiogenic shock severity. J Am Coll Cardiol. 2022;80:185-198.

5. Miyamoto T, Sunagawa G, Dessoffy R, et al. Hemodynamic evaluation of a
new pulsatile blood pump during low flow cardiopulmonary bypass support.
Artif Organs. 2022;46:643-652.


mailto:DougVincent@VentriFlo.com
https://www.jacc.org/journal/basic-translational/tht-2024-shark-tank
https://www.jacc.org/journal/basic-translational/tht-2024-shark-tank
https://www.jacc.org/author-center
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref1
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref1
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref2
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref2
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref2
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref3
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref3
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref4
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref4
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref5
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref5
http://refhub.elsevier.com/S2452-302X(24)00094-9/sref5

	Pulsatile ECMO
	References




