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Whatis aLVAD ?

= Mechanical pump implanted to assist a
failing left ventricle (LV)

= Parallel circuit, that pumps blood from LV
— Normal Cardiac Output (CO)

LVAD will :
» Restore Cardiac Output
* Improve organ perfusion
» Reduce left ventricle workload
 Pulsatile Flow — Continuous Flow

Aortic arch

Left Atrium
\
\ Aortic root
\ MV

AV

M LeftVentricle

Right side of heart \\

Gu et al., 2023, "The Impact of Left Ventricular Assist Device
Outflow Graft Positioning on Aortic Hemodynamics"



=PFL  Heart Failures, what happens?

Systolic Heart Failure (HFrEF)
“Pump Too Weak"

= LV loses its “squeezing” power — smaller flow output
= Reduced Ejection Fraction (EF < 40%)

Diastolic Heart Failure (HFpEF) \

“Pump Too Stiff" ~95% of LVAD implants

= LV loses its relaxation ability — smaller flow input
= Preserved Ejection Fraction (EF = 50-70%)

Ejection Fraction : % of blood that is pumped out
HFrEF = Heart Failure with Reduced Ejection Fraction (Systolic)
HFpEF = Heart Failure with Preserved Ejection Fraction (Diastolic
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=PFL  How does the blood circulate ?

small Ap needed

Low Pressure

. . . ~5 H
= Systemic Circulation vs Pulmonary B

Circulation
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= Systemic = High Resistance

Highest Pressure

~100mmHg

Atrium

— bigger Ap needed  precapillary

sphincters
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The Heart Cycle
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— Aorta deformation creates a wave pressure and a pulsatile flow



=PFL  Inthe case of LVAD

B LEFT VENTRICULAR ASSIST DEVICE

= Restore Cardiac Output (4—6 L/min).

— Unloads the LV — Reduces wall
stress & oxygen demand

Measured Parameters:
= RPM (Speed)
= Power Consumption (Watts)

Calculated Parameters :

= Pulsatility Index (PI): How much native
heart is contributing

= Flow (L/min)
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et al., 2018, The effect of heart failure and left ventricular
sist device treatment on right ventricular mechanics

This is inside the heart! Not
inside the pump



=PFL  History of the Different Types of Devices

= Pulsatile Pumps (1st Gen):

Tried to mimick nature, large, noisy and wore out
quickly

= Axial Flow Pumps (2nd Gen — HeartMate Il):

Propeller in a pipe. Smaller, but used mechanical
bearings = friction

= Centrifugal Flow (3rd Gen — HeartMate 3)
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=PFL  Road map of LVADs

Heartmate Il
HeartMate IP (BTT) 2nd Gen HeartMate 3 (DT)
1 Gen 1-year 72% survival rate FDAApproved
HeartMate VE (DT) HeartMate 3 (BTT) 99.8% Monopoly of
1t Gen 34 Gen HeartMate 3

1-year 61% survival rate 1-year 86% survival rate
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=PFL - Modem LVAD

Flow Components

= Inflow Canula — inserted into LV apex
= Pump — creates Ap

= Qutflow Graft — inserted into aorta

Outflow _—
Battery Graft
Other Components chille
= Driveline — delivers power, adjust Modular Driveline
pump speed, brings feedback data 5
« Controller — allows monitoring
and adjusting == Controller

= Battery — Power Supply

Netuka et al., 2015, Fully Magnetically Levitated Left
Ventricular Assist System for Treating Advanced
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=PFL HeartMate 3

= 99.8% of LVAD implanted in 2022
= Only one who uses MaglLev™ Technology

Specifications

= Weight: ~200g (implantable)

= Pump dimensions: ~50mm height x ~34mm thick
= Speed: 3'000 to 9000 RPM

= Flow capacity: up to 10 L/min.

= Power: 5 Watts typically (low consumption)
= Mobility: 10 to 17 hours on battery power

B LEFT VENTRICULAR ASSIST DEVICE
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=P7L  How does the pump work

= MagLev™ Flow Technology

Flow from left ventricle

= Rotor thar hovers in place using
magnets — no friction

Textured surface Inflow cannula

= Centrifugal Force — Generates Ap

= Every 2 seconds, the rotor slows,
then speeds back up.

SN

\\| w ~1.0 mm top

: ‘_ and bottom

— anti-clotting feature

Outflow to aorta

Full MagLev™ =\ N~/
Why this design wins? Flectromagneticmotor = —
» Strong : can generate full CO (5-6 L/min) -0.5 mm sides
» Gentle : Wide design minimises blood trauma
» Reliable : No parts rub together — built to last

B LEFT VENTRICULAR ASSIST DEVICE
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Control, Repair and Measurements

Control
= Fixed Speed (RPM) with patient specific adjustements
= Artificial pulsatility algorithms to prevent clots (Slows & Restart)

Repair
= Pump non-repairable (only 2.3%) py — Max(Power) — Min(Power)
= Driveline Infections (29.3%) Mean(Power)

or
Measurements bl — Max(Flow) — Min(Flow)

= Speed, Power, Pulsatility Index (PI) and Flow Mean(Flow)
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=L Medical Significance Of Measurements

Safety Features

) ) LV might collapse
Low PI: Suction Alarms — Inlet sucking on the/v otherwise

wall of LV — Slows rotor to let heart recover
High Power: Clot inside the pump causing friction

Low Flow:

= Obstructed inflow/outflow graft

= Hypovolemia (Dehydration / Blood loss)
= HF worsening

B LEFT VENTRICULAR ASSIST DEVICE
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=PFL  Clinical Application

Works for:
= Bridge to Transplant (BTT) FDA: Class Il Medical Device
— wait for a donor heart (Premarket approval needed)

= Destination Therapy (DT)

— permanent transplant uneligible patients Key Trial: MOMENTUM 3 which

* Rare case established MagLev superiority

— the heart recovers and device is
removed

B LEFT VENTRICULAR ASSIST DEVICE
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PFL - The Product

Main Company : a Abbott

Average Revenue per Patient for

implant stay
~$193k + $111k
Growing Market :
$3.27 _ _

Ventricular §1.49 Billion Average Revenue for inpatient
Assist Device Billion readmissions
Market to $1.36
grow at B'“'°" ~$52k + $116k
11.9%
CAGR during

Average Revenue for outpatient care
~$53k * $62k

2025-2032 2024 2025 2032

B LEFT VENTRICULAR ASSIST DEVICE
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=PFL  Future Perspectives

Survival Rates :
— Improved significantly with new —0ld Pumps
technology —New Pumps

Improvements to be made :

= Reduce Driveline Infections \
— wireless charging through skin

] M i n iatu ri Ze pu m p S Years after implantation

Survival Rate (%)
(-] o
o
o~

— easier surgery procedure

Ultimate goal
— invisible pump with no apparent cables

B LEFT VENTRICULAR ASSIST DEVICE
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=PFL Websites Sources

= https://www.cardiovascular.abbott
= https://www.kansashealthsystem.com/care/treatments/ventricular-assist-device
= hitps: //www ma ocllmc org/tests-procedures/ventricular-assist-device/about/pac-
ventricular%20assist% evice,sma
‘7020|n°/020the°/0203k|n

» hitps: //www medlcaldewce network.com/projects/heartmate-iii-heart-
IS .batteries%20t0%20the %2

Osvstem"/OZOcontroIIer
tt s//m actioneducation.org/to |c/heartmate-

fext=You%20must%20avoi eing%20away, heart%20is%20available%?2
Ofor% Otransplant.
= FDA.gov

» https://healthcare.utah.edu/transplant/lvad-mcs/ventricular-assist-device-types
= https://www.fortunebusinessinsights.com/ventricular-assist-device-market-106377
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=PFL  Images Sources

= https://www.kansashealthsystem.com/care/treatments/ventricular-assist-
device

= https://www.pinterest.com/pin/google-imaqge-result-for-
httpsimagestemplatenetwpcontentuploads201503freeblankhumanheartdia-in-
2025--58124651436682552/

» https://derangedphysiology.com/main/cicm-primary-exam/cardiovascular-
system/Chapter-029/ventricular-pressure-volume-loops

» https://www.mdpi.com/2313-7673/8/6/465
» https://www.cardiovascular.abbott
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=PFL Other treatments for Heart Failure

Comp_ared LVAD Advantages LVAD Disadvantages
Technique

Immediate Availability External Equipment (cables...)
No need for anti-rejection drugs Durability

Heart Transplant

Better survival rates
Drugs/Pills Better Quality of Life (exercise...)
Organ Recovery (not only Heart)

Invasive
Mobility (Batteries...)

Less Invasive
Better Mobility (Smaller) Can only support one ventricle
Heart can recover (rare)

Total Artificial
Heart

Palliative Care SOOI End of life quality
You can live a normal life

B LEFT VENTRICULAR ASSIST DEVICE
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=PFL  Pulsatile Flow vs Continuous Flow

= Increased risk of Gastro Intestinal
Bleeding (Gl Bleeding)

— 35%

= |Increased Right Heart Failures (RHF)

— 40%

= |ncreased Neurological Events

B LEFT VENTRICULAR ASSIST DEVICE
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=PrL - Causes of HRr/pEF

B LEFT VENTRICULAR ASSIST DEVICE

CLINICAL SYNDROME
HEART FAILURE

/ubtm

HFrEF
EF <40%
“Weak Pump”

HFpEF
EF 2 50%
“Stiff Pump”

/ MAIN CAUSES\

Heart Attack
Myocarditis
Genetic Mutation

Hypertension
Aging
Diabetes/Obesity
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=PFL  Control Unit

HeartMate 3°

(A) Cable Disconnect Symbols (F) Alarm Symbols

(B) Battery Button (G) Silence Alarm Button
(C) Pump Running Symbol (H) Battery Status Symbol
(D) Display Button (1) Driveline Connector

(E) User Interface Screen (J) Power Cable Connectors

B LEFT VENTRICULAR ASSIST DEVICE



=PrL  LVAD Patient
THIRIETT™
Joumey o w1

*All patients are unique and may 4
[ R
not follow the path exactly as & Start blood thinning
shown. Some steps will need to 1 2 4)))|madicines and work
TH toward goal level
be determined by your care team J
and/or some may not apply.

5 Remove the
breathing tube
— l VAD A )
Surgery Get out of bed
3 and get stronger

7 6 7

Transition B
out of ICU £
i = ;" step” Transfer ready: Transition '
cwcare VAD settings  § |‘ off of
and medicine IV medicines
Learnabout g levels stable* ‘é
your VAD
equipment 10 Learnyour ™ Learnhowto
medicines measure blood
Device = pressure with 12 Packinga
e aDoppler’ / ‘go bag
getting >
ready for Sterile <
school/work® dressing =2 |
9  changes ' 1
15 Practice VAD
selbareand (et
Home hygiene -
assessment”

o A

) Caregivers Pick u;') .
S demonstrate 13 prescriptions
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= HeartMate 3 (New) : 2.3%
needed pump replacement

= HeartMate Il (Old) : 11.3%

Full MagLev Flow Hydrodynamic
Technology Pump Bearing Pump
Large consistent Narrow blood flow

blood flow pathways to pathways
reduce shear stress
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8

STACKED RED STACKED RED
BLOOD CELLS? BLOOD CELLS’
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