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This is the lecture slide which was presented on CCT 2019.
Please feel free to use this for the internal conference.

If you use this slide for your presentation at the public conference,
please contact us (info@circ—dynamics jp).

If you would like to see the movie contents, please contact the office of
circulatory dynamics academy (info@circ—dynamics.jp).



Impella effects overview
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Impella hemodynamic effect —Simulation-

Simulated Arterial Pressure Tracings!

Case Example* |1

e 66 yo male | l
e 85% SVG
» Last patent conduit

MAP _
« EF=30% 86 mmHg |
« NYHA Class IV (il
e Prior CABG | | llm it

H h 1

. Prior PCI No Impella YL

115% -23% -51%

 Hemodynamically stable W “
* Not Surgical Candidate 'WJ.H

I ‘ ]M

Case Balloon 15 sec 30 sec 45 sec
Start Inflation

Physiologic computational modeling, Am J Physiol. 1991;260 : H146-H157



Impella hemodynamic effect —Case-

Impella Protected PCI

Exploring the Mechanism of Ventriculoarterial Uncoupling

Christophe Vandenbriele, MD, PuD,*” Tim Balthazar, MD,* Stefan Janssens, MD, PuD,"
Tom Adriaenssens, MD, PuD,” Johan Bennett, MD, PuD"

#” LMCA-occlusion

Balloon

\

itnpells-Cp Impella-CP
.
D BPimmig) I Aortic pressure
N Left intraventrcular pressure
2 Ventriculo-arterial Ventriculo-arterial

uncoupling recoupling

Impella CP 3,2 liter per minute output



Why we learn PV loop?

LV pressure

Pressure—volume loop

ESPVR

ESP=mean BP

EDPVR

S~

LV volume



PV loop tells us---

Pressure—volume loop Cardiac preload

ESPVR / Cardiac afterload

Systolic function
¥ N\

Diastolic function

LV pressure
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LV volume



PV loop tells us---

Pressure—volume loop Cardiac preload
ESPVR Cardiac afterload

Systolic function
Diastolic function

LV pressure

- MVO,

LV volume



PV loop tells us---

Pressure—volume loop Cardiac preload

ESPVR / Cardiac afterload

Systolic function
¥ N\

Diastolic function
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PVA = Myocardial oxygen consumption

Pressure

VO2

PVA-independent VO2
= E-C coupling + Basal
metabolism

PVA

Suga et al. AJP 1981.

PVA reduction= MVO, reduction



Impella—>PV loop
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Impella—>PV loop —AV open-

LV pressure (mmHg)

EDPVR

0 VO Vu
LV volume (ml)

—Partial support



Impella—>PV loop
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Impella—>PV loop -AV close-
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Patterns of PV loop under Impella
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Hemodynamics cannot be described
just by cardiac function




Circulatory equilibrium

2 Circulatory equilibrium focusing on systemic circulation

Venous return

CO curve

O
O

LAP




CE curve in Impella partial support

CO = S X (log(LAP-F)+H)
— (1-EF) X Impella -+ SV |

+ Impella

- Impella flow

= S X (log(LAP-F)+H)+EF X Impella

A E

DAL HHER

% Impella flow
AN

Native CO curve shifts downward
because of increased afterload by

EEE

Impella flow.



The impact of partial Impella on CE

CO

VR Partial support

+EF X Impella flow

LAP



The impact of total Impella on CE

VR

. Total support

CO

LAP



Impella partial support

CO (/min)

Circulatory equilibrium

Venous return

CO curve

LAP (mmHg)
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PV loop
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Impella total support
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Circulatory equilibrium
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Hemodynamic support + PVA reduction

support

Support level PV loop Clrc_u_lat_ory Total flow S
equilibrium parameters
NO ’ 5 Native
support 5{::] %i::><<:’
//’
_ fo.. ) ® Pulsatility |
Partial VRN gﬁ\\( ............... oLAP|
L ® Mean AP T
Support : L - 8 /\ ® LV wall stress |
‘L : a.«--/ Left atrial pressure
® Pulsatility | | |
Total N el ®LAP| |
g ® Mean APT T

® LV wall stress | |

fEIRGIE 2018 39% 35




Venous return is important

AP (mmHg)
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Total flow

Venous return is important

AP (mmHg)

120

110 A

100 - Increases in Impella flow does
90 - not effectively increase total
80 1 flow and AP.
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Total flow

If venous return is inadequate---

-

p—Impella

Higher flow Impella will be meaningless.

Suction—Ineffective support

~.

LAP



How does Impella work in VF condition?

Suction threshold

——_

Total flow

~

\Total Impella

LAP




Impella may support VF hemodynamics

AP

LAP

RAP

CO

LVAD

Inadequate VR

Adequate VR




RCT in HRPCI

PROTECT II

Unprotected LM/Last Patent Conduit and LVEF<35% OR
3 Vessel Disease and LVEF<30%

| IABP + PCI | |

IMPELLA 2.5 +PCI

. N .

Primary Endpoint = 30-day Composite MAE* rate

il

Follow-up of the Composite MAE* rate at 90 days

Maximal Decrease in CPO on device Support pr
from Baseline (in x0.01 Watts) MAE

IABP Impella 51.0% 2%

42.2% =~

R 40.0%
34.3%
N=211 N=210 N=215

IABP  Impella IABP  Impella

-14.2 + 27

F o
o (=]

=

w
o

Major Adverse Events Rate (%)
N @
o

Impella

Log rank test, p=0.048

20 30 40e=50" 60 70 80 90

Time post index procedure (days)

MAE= Major Adverse Event Rate

O’ Nelll WW et al. Circulation. 2012:54:312-321



RCT in CS

RANDOMIZATION IN CARDIOGENIC SHOCK IS CHALLENGING
Attempted Randomized Impella® Trials In Emergent Settings

Pts Pts Duration Discontinuation
Study Trial ID Condition Required Enrolled Status Reason/
(months)
(n) (n) comment

FRENCH TRIAL (2006) NCT00314847 AMI CS 200 19 52 Discontinued Low Enrollment

Non-Randomized

ISAR-SHOCK (2006) NCT00417378 AMICS 26 26 19 Completed  Execution; Cardiac
Output Study

IMPRESS in STEMI (2007) Ao - STENR 18 22 Discontinued  Low Enroliment

RECOVER | FDA (2008)  NCT00596726 PCCS 28 Completed Feasibility Study

RECOVER Il FDA (2009) NCT00972270  AMICS 384 18 Discontinued  -CW Enroliment;
50 IRBs approved

RELIEF | (2010) NCT01185691 ADHF 20 33 Discontinued Low Enrollment

Cardiac Arrest Low Enroliment;
IMPRESS in CA (2016) NTR3450 Mechanical >100 52 Discontinued Non-Randomized
Ventilation Execution

ABMD funded,

DanGer SHOCK (2012) NCT01633502 AMICS 360 Enrolling ongoing




RCT in CS —-ISAR SHOCK trial-

A Randomized Clinical Trial to

Evaluate the Safety and Efficacy of a

Percutaneous Left Ventricular Assist Device

Versus Intra-Aortic Balloon Pumping for Treatment

of Cardiogenic Shock Caused by Myocardial Infarction

Melchior Scyfﬂrth, MD,*+ Dirk Sibbing. MD,* Iris Bauer, MS,* Gt:org Frohlich, MD.,+
Lorenz Bott-Fliigel, MD,T Robert Byrne, MB, MRCPL* Josef Dirschinger, MD,T
Adnan Kastrati, MD,* Albert Schijmig, MD*t

11‘111’11 1‘('!?. G?I'J?Hl ny

08 [ Pts. with Impella 1.0
HR Pis. with IABP .
E 08
S 06 * > |14
E 5 |
o
: 5 —
g 8 84 |
1 0.4 a
; E ABP
3 S 04
. =
3 3
T 021 (2] Log-rank P=0.97
P 0.2 4
(&
00, v ! ¢
pre 30min 2h 4h 6h 14h 22Zh . ’ ° " “ “ .

Time after Implantation (hours) Days After Randomization



Impella registry

Effect of Early Initiation of Mechanical Circulatory Support
on Survival in Cardiogenic Shock

Mir B. Basir, DO", Theodore L. Schreiber, MD”, Cindy L. Grines, MD", Simon F. Dixon, MD",
Jeffrey W. Moses, MD", Brijeshwar S. Maini. MD", Akshay K. Khandelwal, MD",

ACUTE CORONARY SYNDROME E. Magnus Ohman, MD', and William W. O’Neill, MD

The Current Use of Impella 2.5 in Acute Myocardial Infarction
Complicated by Cardiogenic Shock: Results from the USpella Registry

WILLIAM W, O'NEILL, M.D.,' THEODORE SCHREIBER, M.D.,> DAVID H. W. WOHNS, M.D.,}

Darcits . eV, fouls N '
CHARANJIT RIHAL, M.D..* SRIHARI S. NAIDU, M.D.." ANDREW B. CIVITELLO, M.D..* Percutaneous Left-Ventricular Support With the

SIMON R. DIXON, M.B., Cn.B.,” JOSEPH M. MASSARO, Pu.D..* BRUESHWAR MAINL M.D..” Impella-2.5-Assist Device in Acute Cardiogenic Shock
and E. MAGNUS OHMAN, M.D.'® Results of the Impella-EUROSHOCK-Registry
Alexander Lauten, MD; Annemurie E. Engstrém, MD; Christian Jung, MD; Klaus Empen, MD:
VENTRICULAR SUPPORT Paul Erne. MD; Stéphane Cook, MD: Stephan Windecker, MD: Martin W. Bergmann, MDD
- Roland Klingenberg, MD; Thomas F. Lischer, MD; Michael Haude, MD; Dierk Rulands, MD
Christian Butter, MD; Bengt Ullman, MD; Laila Hellgren, MD; Maria Grazia Modena, MD
The Use of Impella 2.5 in Severe Refractory Cardiogenic Shock Giovanni Pedrazzini, MD; Jose PS. Henriques, MD; Hans R. Figulla, MD; Markus Ferrari, MD

Complicating an Acute Myocardial Infarction

FREDERIC CASASSUS, M.D.,' JEROME CORRE, M.D.,' LIONEL LEROUX, M.D., Pu.D.,!
PIERRE CHEVALEREAU, M.D..” AURELIE FRESSELINAT, Pu.D.," BENJAMIN SEGUY, M.D.."
JOACHIM CALDERON, M.D..* PIERRE COSTE, M.D., Pu.D. ,' ALEXANDRE OUATTARA, M.D., Clinical Investigation

Pu.D.,* XAVIER ROQUES, M.D., Pu.D,* and LAURENT BARANDON, M.D., Pu.D® . ~ p . a .
! e ! Analysis of outcomes for 15,259 US patients with acute myocardial

infarction cardiogenic shock (AMICS) supported with the Impella device

William W. O'Neill, MD, FACC?, Cindy Grines, MD, FACC®, Theodore Schreiber, MD, FACC,
Jeffrey Moses, MD, FACC ¢, Brijeshwar Maini, MD, FACC®,
Simon R. Dixon, MBChB, FACC', E. Magnus Ohman, MD, FACC#*

® Hemodynamic stable

® Complete revascularization
® LVEF 1

® Survival 1, Event risk |

® Strategy
® Algorithm
® Pre—PCI




Impella and other MCS devices
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PV loop in ECMO
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PV loop in ECPELLA

Pressure [mmHg]

Flow [I/min]

m N“ ||| ”'fl"l””“”'w?'\HH‘”I lp WI'HH
1: | |H mm ||II|II|II||||||||"| !

Pressure [mmHg]

120 [

100 |

80

60 |

40 |

201

20

40
Volume [ml]

60

80



150

100

50

150

100

50

PV loop under MCS
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CV framework for clinical setting

SBP 99 mmHg
DBP 68mmHg
MBP 78 mmHg
CVP 11mmHg
PCWP 24 mmHg

To CV framework

CO
BP
A CPO H L? ctate
3 = Bil Answer
SvO,
£ kEEE

Circulation Heart Peripheral



Real data simulation

Visualization of hemodynamics

I | 20
I

14:06 14:10

1 IvSd 6.7 mm
LVIDd 65.8 mm{_
LVPWd 7.5 mmi
LVIDs 51.7 mm
EDV(Teich) 222.33 ml
ESV(Teich) 127.59 ml
EF(Teich 42.61

FS

SV(Teich




Cardiovascular properties

Ees l

Moderate

EDPVR—

LVEDP 1

E 1

BP 1



FrameworKk simulation

DA

Hemodynamic visualization by CE and PV loop

BRATI=E T OB BRER
. 5

/Present case

Vasl =l Vs

Bl
)
Bl




Framework study

Hemodynamic visualization by CE and PV loop

/Present case

DA
mE

Bl
)
Bl

EEE Vs
) HHERE T U, BIRERERE LR




Framework study

Hemodynamic visualization by CE and PV loop
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Framework study
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Hemodynamic visualization by CE and PV loop
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Framework study

Hemodynamic visualization by CE and PV loop
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Framework study

Hemodynamic visualization by CE and PV loop
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Framework study
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Framework study

MaH+ECMO

If ECMO
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Framework study

DMBH

Further LV dysfunction occurred after VF---
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Framework study

ECPELLA
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Impella effects overview

Impella

A
{ \

Total flow T PVA {
(Native CO+Impella)

N

BP T LVEDP {,

LV unloading

v

Hemodynamic support



Impella effects overview

Impella

A
{ \

Total flow T PVA {
(Native CO+Impella)

A LV unloading

BP P LVEDP { U, -

v ‘.‘ More exciting paradigm

Hemodynamic support

Y



Clinical option of Impella unloading

v’ Recent progress in the treatment of acute myocardial infarction (AMI) has
lowered acute mortality to less than 10%.

v' However, the presence of myocardial damage leads to heart failure in
about 30% of patients in the long term.

v The latest reperfusion therapy is still unsatisfactory for preventing future
heart failure.

Increasing in heart
. failure after Ml

. HF
M

AMI Early reperfusion

/ o .

1995 2010



Ischemia-reperfusion

Ischemia




Imbalance between supply and demand

!

Therapies for O2 supply 1 Myoca rdial Therapies for O2 demand |

Early coronary reperfusion . .
Hyperoxemia ischemia ACE-| /ARB
Diuretic

Hypothermia




Impella effects during ischemia

Impella
)
( \
Total flow T PVA {
(Native CO+Impella) J
/\ LV unloading
BP T LVEDP (¢,

Demand
Supply

v

Collateral flow T

Acute unloading in Ml is “Functional reperfusion”.



Acute umloading limits infarct size

Hypothesis

LV mechanical unloading in acute MI (acute unloading)
reduces infarct size.

Hemopump reduces Ml size Total LVAD reduces MI size

® Dog
® 1.5 hrs Ml and 5 hr reperfusion
® LVAD

® Dog
® 2 hrs Ml and 1 hr reperfusion
® Hemopump

Infarct size (%)

re (mmHg)

LV pressu

o
Infarct ratio (%)
- " a e

\\\\\\\\\\\ﬁ

04 |
CololpLJADiL /AD

Smalling et al. Circulation 1992. ' Saku et al. Plos one 2015.




Acute Impella limits infarct size

Left Ventricular Support by Catheter-Mounted
Axial Flow Pump Reduces Infarct Size

Bart Meyns, MD, PHD, Jarek Stolinski, MD, Veerle Leunens, Erik Verbeken, MD, PHD,
Willem Flameng, MD, PHD

® Swine Group 1 : Control group

® 1 hr Ml and 3 hrs reperfusion Group 2 : Maximum Impella entire exp.
Group 3 : Maximum Impella during reperfusion
Group 4 : Partial Impella during reperfusion

Changes in MVOZ MI size (%)

80

70

60

50

40

MVO2 (ml 02/min/100g)

30

= -
~
A}
A )
.
-
| * 3 *

20
2 10
[ 0

| l Ischemia . ) R R

o 20 40 60 80 100 120 140 160 180 200

Time (minutes) Meyns et al. JACC 2003.



Total Impella support limits infarct size

and prevents heart failure

QBIQIN el é BIICI E Circulation: Heart Failure
Left Ventricular Mechanical Unloading by Total Support == 585
of Impella in Myocardial Infarction Reduces Infarct

Size, Preserves Left Ventricular Function, and Prevents
Subsequent Heart Failure in Dogs

® Dog
® 3 hrs MI and reperfusion o
® Assessment in a month after Ml Infarct size (%)
20 -
® |mpella CP
758, LV-PV loop B LV-E., (mmHg/ml) _ NT—prSBNP(pg/mI) 15 .
t-Impella R *
100 - =t 55 +§ 5000 - |
E’ 80 - 4000 - _ 10 -
< 154
» 0= I I I ;
= ¥4 ) $ : * j i
20 | 5 1 == 1000 | — -
2 ' I I 2 & @ 0 2 > 0
0 15 30 45 & @ & L @ & N >
LV volume-V, (mi) "O\Q'b b Q,\ég .\,\(& ‘5& L Q,\‘&2 .\,\&Q \\Q‘ Qé\ QQ}\{O
\6\ \((\

Saku et al. Circ Heart Fail 2018.



Clinical scenario of AMI

Sixty-two years old man with multiple CV risk factors.

Chest pain evoked 2 hrs before admission.
Tachycardia, Stable hemodynamics, Positive for troponin, ECG ST elevation

VL

I
L

e aVF

Unloading
—




Door 10 unload

MI size

Ischemia

Time

Reperfusion




Door 10 unload

MI size

Ischemia

MVO, |
and
Collateral flow |

Time

Reperfusion

Inhibition of
reperfusion injury



STEMI-DTU trial

STEMIDTU
SAFETY & FEASIBILITY STUDY

STEMI patient indicated for PPCI

TUftS U nive I’Slty Patient meets all inclusion criteria
* Age 21-80 years
* First Ml
* Acute STEMI (ST elevation >2 mm in =2 contiguous or 24
mm ST-segment deviation sum in anterior leads)
* Presents within 1-6 hrs symptom onset

Navin K. Kapur, MD

e American Informed Consent
t’ Heart
Enrollment and Randomization

Association.

Mechanically Unloading the Left Ventricle Before Coronary Reperfusion Reduces Left
Ventricular Wall Stress and Myocardial Infarct Size
Navin K. Kapur, Vikram Paruchuri, Jose Angel Urbano-Morales, Emily E. Mackey, Gerard H.

Daly, Xiaoying Qiao, Natesa Pandian, George Perides and Richard H. Karas S0 min unloading; then initiate uUnloading,

PPCI immediate PPCI

While, the contemporary strategy of treating AMI is
dominated by a quest to achieve rapid coronary
recanalization in AMI (Door to Balloon Time), we
now propose that first mechanically reducing LV

Explant Impella after 3-4 hrs support
v
Composite of MACCE at 30 days

preload (Door to Unload) and then delaying coronary A pivotal trial assessing the impact of

LV unloading in anterior STEMI is

reperfusion will promote RISK pathway activation planned to begin in 2019.

and significantly reduce myocardial infarct size.




Impella+tlvabradine

Mechano-chronotropic Unloading During the Acute Phase
of Myocardial Infarction Markedly Reduces Infarct Size
via the Suppression of Myocardial Oxygen Consumption

Genya Sunagawa' - Keita Saku® - Takahiro Arimura’ - Takuya Nishikawa' - Hiroshi Mannoji' - Kazuhiro Kamada' -
Kivokazu Abe” - Takuya Kishi” - Hiroyuki Tsutsui' - Kenji Sunagawa*

® Dog
. M\L(:';)mf. ® 3 hrs Ml and 3 hrs reperfusion
mi‘min/? W)
’ ® Treatment started from 1 hr after M
® Partial support with Impella CP
.5 . Infarct ratio
Chronotropic (%)
unloading
» 0"
o |
TN 60+~
e 50 / l
54 40 YV ot
30 ;
: 20 -
3020 2500 \ 104
1500 ., o
PVA (oo 0 s00 s 0 RS ° C ' " Impella
Mg*my) ontrol Impella m?\?Aa
+

Sunagawa et al. JCTR 2018.



Impellatbeta-blocker

The effect of combined treatment with Impella® and landiolol
in a swine model of acute myocardial infarction

Isamu Yoshitake - Mitsumasa Hata - Akira Sezai -
Satoshi Unosawa * Shinji Wakui - Haruka Kimura -
Kin-ichi Nakata « Hiroaki Hata +- Motomi Shiono

® Swine _ .
® 2 hrs Ml and 4 hrs reperfusion Ml size (%)
® |mpella LD and landiolol 0.5 mg/kg/min

P<0.001

P<0.001

| 240min [

reperfusion phase

Group A

no support and physiological saline was given —
as placebo

reperfusion phase

Group B

reperfusion phase

Group C

_ %0 Circulatry assist with Impella® LD and
min ) — b —
physiological saline was given as placebo
- h Circulatry assist with Impella® LD and —
90min landiolol was given as active rate control Group A Group B Group c

Yoshitake et al. J Artif Organs 2012.



ECMO+Impella

0 60 min 180 min 360 min

—r

N5 Reperfusion
(N=5) | P
ECMO Reperfusion |

(N=5) ECMO

(N=5) ECPELLA

PVA Infarct ratio

(%, infarct area / risk area)

80

J

60

40
**T

20

1

O ;;l T 1
Control ECMO ECPELLA

6 ECMO (L/mr

VAD (L/min) 6



® Impella increases total cardiac output, thereby reducing
LVEDP.

® Impella support effect depends on native LV systolic
function because Impella shifts CO curve by
LVEF X Impella flow.

® Impella reduces PVA, thereby reducing MVO,,

® Impella unloading effect may contribute to the limitation
of infarct size (STEMI-DTU trial).



