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Percutaneous Assist Devices. Temporary Support

Indications for temporary MCS

Hemodynamic indications for temporary MCS

Clinical indications for temporary MCS

Cl<1.8

CVP>20

LAP/Wedge >18

Systolic BP <80 with two inotropes
Signs of distal low perfusion
Significant wall motion abnormalities

Cardiac arrest

Cardiovascular collapse

Cardiogenic shock

Complications of AMI

Acute on chronic decompensation of CHF

Myocarditis/post-partum myocarditis

Post-cardiotomy syndrome (unable to wean from bypass)

Prophylactic for high-risk interventions: PC/ ablation, percutaneous valves
Refractory arrhythmias

Bridge to recovery, bridge to decision, bridge to long-term VAD or

Transplant




Interagency Registry for Mechanically Assisted Circulatory Support Profiles

Critical cardiogenic shock

Interagency Registry for Mechanically Assisted Circulatory

Support Profiles

Life-threatening hypotension and rapidly escalating inotropic/pressor support, with critical

Short-term VAD

(“crash and burn™) organ hypoperfusion often confirmed by worsening acidosis and lactate levels or VA-ECMO
Progressive decline Patient with declining function despite intravenous inotropic support, which may be manifest Short-term VAD
(“sliding fast” on inotropes) by worsening renal function, nutritional depletion, and inability to restore volume balance. Also or
describes declining status in patients unable to tolerate inotropic therapy LTVAD
Stable but inotrope-dependent Patient with stable blood pressure, organ function, nutrition, and symptoms on continuous LTVAD
intravenous inotropic support (or a temporary circulatory support device or both), but
demonstrating repeated failure to wean from support due to recurrent symptomatic
hypotension or renal dysfunction. “Dependent stability”
Resting symptoms on oral Patient can be stabilized close to normal volume status but experiences daily symptoms of LTVAD
therapy at home (“frequent flyer”) congestion. Diuretic doses generally fluctuate at very high levels. More intensive management
and surveillance strategies should be considered, which may in some cases reveal poor
adherence that would compromise outcomes with any therapy. Some patients may shuttle
between 4 and 5
Exertion intolerant Patient who is comfortable at rest but unable to engage in any activity, living predominantly LTVAD could be
(“housebound”) within the house or housebound considered
Exertion limited Patient who is comfortable at rest without evidence of fluid overload but who is able to LTVAD could be
(“walking wounded") undertake some mild activity. Activities of daily living are comfortable and minor activities considered
outside the home such as visiting friends or going to a restaurant can be performed, but fatigue
results within a few minutes or with any meaningful physical exertion
“Placeholder” Patient who is clinically stable with a reasonable level of comfortable activity, despite a history LTVAD not
Advanced NYHA class Il of previous decompensation that is not recent. This patient is usually able to walk more than a considered

block. Any decompensation requiring intravenous diuretics or hospitalization within the
previous month should make this person a patient profile 6




. Etiologies of Cardiogenic Shock

Acute myocardial infarction and mechanical complications: .
-Left ventricular dysfunction H.'!’pﬂteﬂsmﬂ-
-Right ventricular infarction -Systolic blood pressure (SBP) <90 mm Hg for at least 30 min OR

HAGIER i) T e -Need for supportive measures to maintain an SBP >90 mm Hg

-Ventricular septal defect .
-Pericardial tamponade Eﬂd'ﬂrgﬂﬂ hypﬂperfusmn.

-LV free wall rupture -Cool extremities OR

Acute ventricular failure: -Urine output <30 mL/hr AND

-Myocarditis -Heart rate =60 beats/min
-Transplant allograft rejection

E— N p— 0 Hemodynamic criteria
-Rapidly progressive dilated cardiomyopathy o . 2
-Stress cardiomyopathy (Takotsubo) Cardiac index < 2.2 L/min per m~ AND

-VAD dysfunction Pulmonary-capillary wedge pressure > 15 mm Hg

Clinical criteria

Acute on chron gressive heart failure

Valvular Disorders:
-Acute mitral regurgitation
-Acute aortic regurgitation
-Critical aortic stenosis

Others:
-Post-cardiac surgery
-Septic shock with LV dysfunction
-Pulmonary embolism
-Myocardial Contusion Doll JA, et al. A te:
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Evolution of Percutaneous Cardiac Support

00’s 2010’s

Continuous Flow Pumps

Axial-Flow Centrifugal Flow

Impella CP TandemHeart VA-ECMO

Intracorporeal Extracorporeal



Whatdo we expectifrom Percutaneoukeft ventricularassist

device®

1.- Mantaincardiacoutputandthus
reversecardiogenicshockandimprove
renalfunction

2.- Unloadanddecomprestheleft
ventricleandthusreducingmyocardial
oxygenconsumption

3.- Eliminatethe needfor inotropic
supportbecauset is harmfulto the
myocardium

4 .- Reducepulmonaryarterypressure
andalleviatepulmonarycongestion

What should we look for in Ventricular
Assist Devices?

Fast Percutaneous Insertion
Efficient Hemodynamic Support

Few bleeding Complications

Avoid provoking an embolism

Not generate limb ischemia

Scant Hemolysis

VAD. . . Could be considered as

v BlidJENOIRECOVETY.
- Potentially reversible Left Ventricular
Dysfunction

v uBTid0esOEBliddE
- Bridge to a Permanent Surgical VAD

v uBlidgenoniransplant
- Irreversible LV Dysfunction




Type of Pump

Pulsatile,
pneumatic

Continuous axial
flow, Archimedes
screw impeller

Continuous axial
flow, Archimedes
screw impeller

Impella CP

inuous axial
chimedes
peller

Continuous flow,

TandemHeart .
centrifugal

Device types and sizes

Indication Approval

Cardiogenic shock FDA 510K
AMI complication

Weaning from CBP.

HR PCIl. Complicated

HF

FDA High-risk
intervention
Cardiogenic Shock

FDA PMA < 6hrs
use
EU 5 days CE Mark

Partial circulatory
support using an
extracorporeal
control unit

FDA 510K <6 hrs
use
EU 5 days CE Mark

Circulatory support FDA 510K < 6 hrs
using an use
extracorporeal EU 11 days CE
control unit Mark

Cardiogenic shock,
cleared for use with
an oxygenator

FDA510K <6 hrs
use

<6 hrs use

Vascular
Access

Arterial;
femoral or
left
axillary/subc
lavian

Arterial;
femoral

Arterial;
femoral

Arterial;
femoral or
axillary*

Arterial and
venous;
femoral

Arterial and
venous;
femoral

Size

7Fto8F

Guiding catheter 9F/ Motor
sizel2F

Introducer size 13F peel
away

Guiding catheter 9F/ Motor
sizel4 F

Introducer size 14F peel
away

Guiding catheter 9F/ Motor
size 21 F

Dacron graft 10 mm
recommended

21 F inflow (venous)
15 F or 17 F outflow
(arterial)

18 F to 30 F inflow (venous)
15 F to 23 F outflow
(arterial)
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Augments diastolic pressure to
Increase blood flow to the
coronary arteries

Decrease left ventricular end
diastolic pressure and systolic
pressure to improve pumping
efficiency and improve cardiac
output

The ins and outs of the IABP

The IAEF rapidy
shurtes helium gas i |
and out of the balloon, !
which is located in the
descending aora. The [
balloon is inflated at
the ons=t of cardiac
diastole and deflated at
the oreet of systole.




Intra-aortic balloon counterpulsation in
acute myocardial infarction complicated by
cardiogenic shock (IABP-SHOCK II)
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p=0-94; log-rank test
Relative risk 1.02, 95% C1 0-88-1-19
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The Current Use of Impella 2.5 in Acute Myocardial Infarction Complicated by Cardiogenic Shock: Results
from the USpifiia' Registry

¢ : 694 patients supported
» with Impella 2 5 at US e —————
sites reported in provisional or elective suppor
T USPella Registry with Impella 2 5 for ugh nsk interventions
& {N=445)
‘| * | .rci
I - CABG
i = Balloon Aorbc Valvuloplasty
= Ventncular Tachycardia Cathater Ablaticn
Profound Cardiogenic Shock
(N=249)
Other forms of shock
(N=95)
s| - Decompensated Cardiomyopathy
* Myocarditis
= Seplic Shock
* + Other procedures (CABG. mitral valve repair)
_‘J’\:%JT:{MU") Acute I“!mdiﬂl Infarction
. Complicated by Cardiogenic Shock
who underwent PCI
{N=154)
|
* 2
Impella Initiated Pre PCI Impella Initiated Post PCI
0 J (N=63) (N=91)
maley spuwd | Y wold sllagm
M:j“i;?q Ja 8 Y Abbrevabons: CABG: Coronary artery bypas grifang; PCY: Peicutanesus poionary nermsntion
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Journal of Interventional Cardiology
Volume 27, Issue 1, pages 1-11, 13 DEC 2013 DOI: 10.1111/joic.12080
http://onlinelibrary.wiley.com/doi/10.1111/joic.12080/full#joic12080-fig-0001
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THE CURRENT USE OF IMPELLA 2.5 IN ACUTE MYOCARDIAL INFARCTION
COMPLICATED BY CARDIOGENIC SHOCK: RESULTS FROM THE USPELLA REGISTRY

00
“OABIOMED

Impella Pre PCI

Survival Rate

= I
Impella Post PCI

Abiomed Announces First Patient Enrolled in
STEMI Door to Unloading (DTU) Feasibility Study

10 15
Days from initiation of Impella 2.5 support
Door To Unloadin
— . in Acute
MNumber of palienis at risk
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FDA approved for

IMPELLA® PLATFORM: A LONG RUN-WAY FOR GROWTH

i Products

100,000 patient
cardiogenic shock in t

Protected PCI

Indications @ H

Germany Japan
Geographies

221K Patients 25K Patients  S0K Patients

Today / 2017

Impella ECP™ Impella 5.5™  Impella BTR™

Future*
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Best views:
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Intermacs |-l Cardiogenic Shock
Refractory HF
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Helicopter transport with the Cardiohelp system.
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Alois Philipp et al. Interact CardioVasc Thorac Surg
2011;12:978-981

Published by European Association for Cardio-Thoracic Surgery. All rights reserved.

ircuit.



e “7‘?‘!”W!‘\"“”r!’} ‘;‘H‘ il
ECMO in Cardi ’g’ nic S|

& IABP+ECMO

P= 021
i ... 4 IABP alone
02+
0.0+
000 10000 20000 %0 00 «0000 (daYs)

“‘H IABP+ECMO "'

Ed ki
;§ 08+ “\“’
g . ‘\}tfi
B -
S IABP alone

02 —

00+

000 10000 7:&& 1300 00

Imenth Imoaths Gmenths 12 moaths

SUSASN) | S(S4SN) | S(S4N) 301N

BN | BMDN) | 12666™ 2(66™)

[Femoroaortal]
outflow

1L =
=7i‘
——c— I:cn\unmortdl]

inflow

CARDIOHELP

ECMO + Impella ECMO




Meta -analysis of inhospital  mortality between
extracorporeal membrane oxygenation plus
IABP vs IABP or extracorporeal membrane
oxygenation alone

ECMO + IABP Control Risk ratio Risk ratio
Subgroup/study Events Total Events  Total Weight M-H, Random, 95%CI M-H, Random, 95%CI

ECMO plus IABP vs IABP

Sheu, 2010 46 18 0.54 [0.35, 0.84] ——
Tsao, 2012 32 18 0.45 [0.25, 0.80] —E—
Perazzolo Marra, 2013 10 10 1.00 [0.41, 2.46]
Subtotal (95%CT) 88 0.56 [0.40, 0.78] <
Total events 12 46

Heterogeneity: Tau® = 0.01, »* = 2.16, df = 2 (P = 0.34); I’ = 7%

Test for overall effect: £ =3.35 {F = 0.0008)

ECMO plus IABP vs ECMO

Yamauchi, 2009 2 10 6 0.24 [0.08, 0.74]
Chung, 2011 7 14 3 6 1.00 [0.38, 2.60]
Kagawa, 2012 36 52 190 21 0.77 [0.61, 0.96]

%
.
Aoyama, 2014 22 35 2 3 0.94 [0.41, 2.18] T
Park, 2014 21 41 30 55 0.94 [0.64, 1.38]
K
1 ]

Kim, 2014 28 44 12 14 1.74 [0.54, 1.01]
Subtotal (95%CI) 196 105 0.78 [0.65, 0.94]
Total events 116 72

Heterogeneity: Tau® = 0.01, ;* = 5.68, df = 5 (£ = 0.34); I = 12%

Test for overall effect: 7 = 2.67 (P = 0.008)

L I I I
0.1 0.2 0.5 1 2 a 10
Favours ECMO + IABP  Favours control
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Perecutansous VAD in Sever
Carciogenic Shock
remocdynarnics and Biochernical valuy




Meta-analysis of randomized trials percutaneous left
ventricular assist devices (LVAD) versus the intra-aortic

Pooled

al’t 76+ 10
Burkhoff et al.”® 91 + 16

Pooled

| LVAD
_ /N

Thiele etal”  9/21
Burkhoff etal.”® 9/19
Seyfarth et al.”® 6/13
Pooled 24/53

balloon pump (IABP)

IABP Cardiac index
mean +SD  mean difference

1.8+0.4
2.1 £0.2
1.8+0.7

2 -1 0
Favours IABP

1
Favours LVAD

IABP Mean arterial pressure
mean+SD  mean difference
70+ 16

2+ 12

15t 77

5.5/(=2:9ite}
18.6 (9.4 to 27.9)
16.0 (0.5
12.8 (3.6 to 22.0)
-50 =25 0 25 50
Favours IABP Favours LVAD
IABP  Pulmonary wedge pressure P(he
mean +SD  mean difference Z
22+ 7
253

20£6

-5.6 (9.2 to -2
-8.4(-11.0 to -5.8)

-5.3(-9.4to-1.2)

=20 -10 0 10

Favours LVAD Favours IABP

IABP 30-day mortality
n/N relative risk ]
9/20 0.95 (0.48 to 1.90)
5/14 1.33 (0.57 to 3.10)
6/13 1.00 (0.44 to 2.29)
20/47 1.06 (0.68 to 1.66)

0.1 1 10
Favours LVAD Favours IABP

Nature Reviews | Cardiolog



Direct right ventricular (RV) bypass
systems.

A Impella RP Tandem RVAD

B

100

Associations

Indirect right ventricular (RV) bypass
systems.
A VA-ECMO VVA-ECMO

‘

" m

)} Centrifugal Flow Pump Oxygenator

HHHHH A

100

3 minutes later
L

VA-ECMO Initiated

Navin K. Kapur et al. Circulation. 2017;136:314-326






PHP Percutaneous Assist Device




ant application of short-term mechanical circulatory
t and possible timing towards durable LVAD. Bridge
overy in case of de novo heart failure or in acute on
heart failure when a clear cause for exacerbation

exists
AMI Myocarditis End-stage Biventricular
cardiomyopathy failure
v v
(IABP) ECMO | IABP IABP
TandemHeart TandemHeart L/R TandemHeart
Impella 2.5/cp/5.0 Impella 5.0 L/R Impella
CentriMag HeartMate PHP CentriMag
ECMO CentriMag ECMO
l ECMO l
v v
If not If no signs of ASAP: If RV does
weanable by recovery by Bridge to not recover:
day 5: Bridge day 14: LVAD (or Bridge to
to LVAD Bridge to recovery)§ HTX or
LVAD/HTX palliation

Etiology of
Refractory Failure
L v 2
o 4 v 4 2 4
Pulm +RV Pulm + LV RV Failure | LV Failure BIV Failure J| V-VECMO
Pulm +BIV
v v v v v Y
RA-LAECMO B V-A ECMO RVAD pLVAD PRVAD/ V-A ECMO
5 53




A Team-Based Approach to Patients

in Cardiogenic Shock
Undifferentiated shock

Coord"tht&pg

Criteria for cardiogenic shock?

|

No

Management of sepsis,
hypovolemia, etc.

In the setting of MI?

Yes / l

No
Revascularization l
l 1) M,e',di'cél;.th'e’tapy:? in'qtmgés, intensive
Continued shock? ‘care, invasive monitoring
/ \ 2) Percutaneous hemodynamic support

No

Yes w3 3) Surgical hemodynamic support

4) Cardiac replacement

|

Recovery or comfort care




rocyrion
ortix Heart Failure Pump

on- Circulatory Support Without surgery
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