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Why do we need mechanical circulatory
support device ?

» We are getting more & more CHIP case

« Mortality in cardiogenic shock stable despite improve in quality of care
esp. AMI-CS ( Primary PCIl, DTB , Network )



Cardiac power
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Why do we need
mechanical circulatory
support device ?

Mechanical support devices
have an ability to stabilize
hemodynamic and bridge to

 Bridge to recovery
 Bridge to transplant
 Bridge to decision




Percutaneous Circulatory Support
- Clinical application-

e Cardiogenic shock ( +/- AMI ) / Decompensated heart failure
* Normalize CO/BP/Cardiac power
* Decrease PCWP
 Minimized myocardial damage & optimize myocardial recovery

* High risk PCI
 Protection from temporary hemodynamic compromise
» facilitate complete revascularization
» Lower risk of acute kidney injury

 Myocardial Salvage in Setting of AMI

* Reduce LV workload ( and oxygen demand ) to minimize necrosis and
optimize myocardial recovery



Currently Available MCS

Continuous Flow Pumps

Pulsatile Axial-Flow Centrifugal Flow

)

Left Ventricle

IABP Impella CP PHP * TandemHeart VA-ECMO
Intracorporeal Extracorporeal
Axial Flow Centrifugal Flow

Right Ventricle

Impella RP

Impella RP VA-ECMO Tandem pRVAD Protek Oxy-RVAD



The hemodynamic support equation

Ideal MCS devices
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Level of circulatory support from MCS devices & ‘ /
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diastokic augmentation dicrotic notch i

improved coronary perfusion

increase in myocardial oxygen suppl
no active mechanical augmentation of
cardiac output



Intra-Aortic Balloon Pump (IABP)

« Advantage

 Available in most lab & Easy to implantation

» Available in 7 — 8 Fr Catheter sizes minimizing threat of vascular
complication

» Range of balloon sizes available to accommodate all patient height

* Require only >4 mm femoral artery

 Disadvantage

* Only supplement cardiac output by upto 0.3-0.5 I/min and requires a
degree of native cardiac output to function

« Relies on synchronization with cardiac cycle ( may not be reliable in
dysrhythmia) + need native Left ventricular function

* Risk of systemic embolization ( Cholesterol , Helium)

« Stroke , Infection , hemolysis , Bleeding at insertion , lower limb ischemia

JACC intervention vol 8 , no 2, 2015:; 229-44



The hemodynamic support equation

Myocardial Protection

ldeal MCS devices

Circulatory | Ventricular Coronary
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Minimal only CO 0.5 I/m




Impella device
* Flow 1-5 I/min.

1 f | LV to AO
J / ;2.

“  +Single vascular access

> o B « Sheath size

-y
' -

7 w0 * 12 Fr for impella 2.5
* 14 Fr for impella CP
T « 21 Fr for impella 5.0

* Device shaft 9 Fr

 Femoral artery size

 Impella2.5& CP =>5-55mm
* Impella 5.0 =>8 mm
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The hemodynamic support equation

Myocardial Protection

ldeal MCS devices
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VA ECMO

e 3-7 L/ min

* RAto AO

* Dual vascular access points
« 18 — 24 Fr venous cannula
« 14 — 16 Fr arterial cannula

* Incoporate

« Oxygenator
* Heat exchanger

« Complex management




VA- ECMO cannulation strategy

ROTATIONAL
HEART PUMP




Peripheral ECMO circulation consideration

Arterial line and

| |

L

pressure monitoring

1. VA-ECMO drains blood from the right atrium

3. Poorly oxygenated ejected
blood from left ventricle

4 2. VA-ECMO reinjects oxygenated blood
countercurrent into the aorta



The hemodynamic support equation

Myocardial Protection

ldeal MCS devices
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Baseline IABP Impella ECMO IABP + ECMO Impella + ECMO
B AR (/ . (/ N i R A
© (/) A iny = (Y A
French 8-9 13(2.5) 14 (CP) 14-19 (A) 8-9 (IABP) 13-14 (Impella)
17-21 (V) + 14-19 (A) + 14-19 (A)
17-21 (V) 17-21 (V)
HR, bpm 100 100 100 100 100 100 100*
PCWP, mmHg 23 -4% -9% -13% +17% +13% +9%*
AoP, mmHg 81/46 (61) +2% +8% +15% +28% +31% +39%*
CO, L/min 3.93 +5% +13% +28% +43% +48% +60%*
CPO, watts 0.53 +7% +21% +34% +81% +91% +118%*
PVA, mmHg 4989 -3% 7% -13% +16% +14% +7%*
X mL
CBF, mL/min/g 0.09 +10% +10% +20% +40% +50% +70%*
Approved No limitations 4 days (US) Usually See |ABP See Impella
duration of (vascular 5 days (EU) < 7 days' and ECMO and ECMO
assistance complications (poor survival columns columns
increases if > 7 days)
after 2 days)

Giulio Russo et al., PVAD selection in cath-lab



Contraindications & complication

TABLE 5 MCS Device Contraindications and Complications

IABP Impella TandemHeart VA-ECMO
Contraindications Moderate to severe AR LV thrombus Severe PAD Contraindications to
Severe PAD Mechanical aortic valve HIT anticoagulation
Aortic disease Aortic stenosis with DIC Moderate to severe AR
AVA <0.6 Contraindications to Severe PAD
Moderate to severe AR anticoagulation
Severe PAD LA thrombus
Contraindication to VSD
anticoagulation Moderate to severe AR
Complications Stroke Device migration Air embolism Bleeding
Limb ischemia Device thrombosis Thromboembolism Vascular trauma
Vascular trauma Limb ischemia Device Dislodgement Limb ischemia
Balloon rupture Vascular trauma Cardiac tamponade Compartment syndrome
Thrombocytopenia Hemolysis Limb ischemia Acute kidney injury
Acute kidney injury Infection Vascular trauma Hemolysis
Bowel ischemia Stroke Hemolysis Thromboembolism
Infection Infection Air embolism
Stroke Infection
Neurological Injury
Bleeding/hemolysis + ++ ++ ++
Vascular complications + ++ +++ ++++

JACC intervention vol 9 ,no 9, 2016 : 871-83



A High-risk PCI: vascular and bleeding complications B Cardiogenic shock: vascular and bleeding complications
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Figure 4. A. Access-site-related vascular and bleeding complication rate in high-risk percutaneous coronary inter-
vention according to different percutaneous ventricular assist device (averaged mean value); B. Access-site-related
vascular and bleeding complication rate in cardiogenic shock according to different percutaneous ventricular as-
sist device (averaged mean value). Note: Major and minor vascular/bleeding complications are pooled together;
PCl — percutaneous coronary intervention; IABP — intra-aortic balloon pump; ECMO — extracorporeal membrane
oxygenation; *data from both Impella 2.5 and CP were considered. For references [1-6] see dedicated reference list.

Giulio Russo et al., PVAD selection in cath-lab



High risk PCI

Protected PCI
Clinical
application

Cardiogenic
shock




Definition of High risk PCI

TABLE 3 High-Risk PCI

Clinical
LVEF <25% hemodynamic
Electrical instability : Complex
Congestive heart failure Paﬁe“? Coronary
Comorbidities __ [Comorbidities Artery
Severe mitral regurgitation advanced_ age, peripheral Multi-vessel disease,
_ vascular disease, complex HartMain dicaass
Chronic obstructive pulmonary disease lesions, history of angina,
Chronic kidney disease - prior surgery
Diabetes Comorbidities

Cerebrovascular disease
Peripheral vascular disease

Age >75 yrs Hemodynamic

Acute coronary syndrome Compromise
Coronary anatomy

Last patent vessel Complex anatomy

Cr Stable but depressed ejection

3 vessel disease, SYNTAX score >33 fraction (LVEF<35%)

Target vessel providing collaterals to a territory, which supplies
>40% of the myocardium

Distal left main bifurcation

JACC intervention vol 9 ,no 9, 2016 : 871-83



IABP In High risk PCI

No planned IABP

------ Elective IABP
8
2R 6]
B2 s
>5® 41 000 — 0 amme=-
E < - BE——
3 0 .-
0= 24 ¢/
L Log-rank P=.33
O I T T T S 1
0 1 2 3 - 5 B
Follow-up, mo
No. at risk
Noplanned 150 147 144 141 140 140 O
IABP
Elective IABP 151 146 146 146 145 144 O
BCIS — | study

RCT in UK , multicenter

N =301
High risk definition
LVEF < 30%
Extensive coronary disease ( Jeopardy Score >8/12)

12% Bail-out IABP

No different in MACCE at discharge &
mortality @ 6 month

JAMA. 2010,304(8):867-874



Impella in high risk PCI

First Author/Trial
(Ref. #) Indication HR-PCli/Shock Definition N Devices Outcomes Complications
USPella (30) Prophylactic Severe 3VD, UPLMN, last patent 175 Impella 2.5 12-month survival: 88% MACE: 8%
HR-PCI vessel, low EF
No STEMI or shock,
mean SYNTAX score 36
EuroPella (52) Prophylactic Severe 3VD, UPLMN, last patent 144 Impella 2.5 30-day survival: 94.5% MI: 0%, stroke 0.7%,
HR-PCI vessel, EF <30% bleeding 6.2%,
No STEMI or shock vascular
complication 4%
Protect | (7) HR-PCI Last patent vessel, UPLMN, 20 Impella 2.5 MACE 20%
EF <35%
No STEMI or shock
PROTECT-II (23) HR-PCI UPLMN, last patent vessel, 452 IABP (226) versus Superior hemodynamics MAE: MAE 30 & 90
EF <35%, 3VD, and EF <30% IMPELLA 2.5 (226) with Impella (CPO) days: (ITT)
No statistical difference in  Impella: 35.1%, 40.6%
MAE IABP: 40.1%, 49.3%

JACC intervention vol 9 ,no 9, 2016 : 871-83




First Author/Trial

ECMO in high risk PCI

(Ref. #) Indication HR-PCl/Shock Definition N Devices Outcomes Complications
Teirstein et al. (55) HR-PCI and 1) Stable or unstable angina pectoris; 389: prophylactic CPS 1 Procedural morbidity 7.2% required initiation
VA-ECMO 2) at least 1 coronary artery CPS prophylactic 41.3 versus of standby CPS
stenosis amenable to PCl; 3) 180: standby CPS 9.4% standby, no Standby CPS: provided
registry EF <25%; or 4) angioplasty improvement in excellent support
target vessel supplying >50% of outcome and recommended
the viable myocardium, or both over prophylactic
CPS
Schreiber HR-PCI Low EF, culprit vessel supplying the CPS: 58 IABP versus CPS No difference in MACE (MI, Increased vascular
et al. (56) majority of myocardium, or IABP: 91 stroke, death, CABG) repair with CPS

intended multivessel angioplasty

Multivessel angioplasty (14 v. 3%)
success rates higher in  Increased transfusion
CPS (40% vs. 20%) with CPS

(60 versus 27%)

ECMO should not be the front line MCS device in HR -PCI

JACC intervention vol 9 ,no 9, 2016 : 871-83



High Risk PCI

UPLMN
Last patent vessel
EF <35%
Complex 3VD
Comorbidities - severe AS/MR

Multidisciplinary Heart Team Consultation -

©)
9,

Interventional Cardiology, Cardiothoracic Surgery, Advanced Heart Failure, Intensive Care

Which device should we use ?

Degree of support needed ?
Any contraindication for specific device ?

Arterial acces suitability?

Protected PCI planning

' Impella 2.5 or CP | Axillaryor

[ Femoral Angiogram |

l

Technical Aspects:
* Femoral Artery >5mm
* No significant iliofemoral tortuosity
» No contraindications

b _t

/]

[;Traqscaval Access

/

LYES| | NOH
L +
| Impella | | 1ABP

Bail — out device preparation

Insert 5Fr sheath for rapid
exchange in femoral artery

Giulio Russo et al., PVAD selection in cath-lab
JACC intervention vol 9 ,no 9, 2016 : 871-83



High risk PCI

Protected PCI
Clinical
application

Cardiogenic
shock




Primary Study Endpoint (30-Day Mortality)

50]
Control 44 .39,
i 40 IABP 39.7%
£ 30
[T
)
o 20]
= P=0.92; log-rank test
101 Relative risk 0.96; 95% CI 0.79-1.17; P=0.69; Chi?-Test
0 . . . . . .
0 5 10 15 20 25 30

Time after randomization (days)

IABP
Thiele et al. NEJM 2012;367:1287-1296 SH(DCKMH



ESC Guidelines 2012-2017

JABP In cardiogenic shock

2010 2012 2017

| lla b Il

Roffi et al. Eur Heart J. 2016;37:267-315
Windecker et al. Eur Heart J. 2014;35:2541-2619
Ponikowski et al. Eur Heart J.2016;37:2129—-2200

ESC STEMI Leitlinien 2017. Eur Heart J 2017; epub



30-day mortality between MCS vs IABP

100
p=0.93; log-rank
80 —
—_— MCS
i W e S —
=4 IABP
’S A MmCs IABP I 30-day mortality I RR  95%Cl Weight
= 40 ] Events Total Events Total
Thiele et al. 9 21 ] 20 095 [0.48,1.90] 26.8%
Burkhoff et al. 9 19 5 14 1.33 [0.57.3.10) 17.9%
ISAR-SHOCK 6 13 6 13 1.00 [0.44;2.29] 18.6%
20 — IMPRESS in Severe Shock 1 24 12 24 092 [0.51;1.66) 36.7%
Overall 35 7 32 71 1.01  [0.70;1.44) 100%
Heterogeneity: r=0, F=0%, p=0.91 1 | | |
Test for overall effect: p=0.98 01 02 05 1 2 5 10
g ~— Favours MCS Favours IABP
I I [ [ I I I
Number at risk 0 5 10 15 20 25 30
Time after randomization (days)
- |ABP 71 83 48 43 40 39 39
- MCS 77 52 50 47 47 45 42




Overall survival (%)

40

N
o

Log-Rank p =0.003

......................

e \\ith ECMO support
swmsmm= \Vithout ECMO support

(Days)

Follow-up 0 10 20 30
Atrisk | With ECMO 46 32 31 28
(n)  [Without ECMO 25 7 7 7

Few data
only registry , no RCT

Sheu JJ, et al Crit Care Med 2010;38:1810-7



ESC STEMI Guidelines 2017

MCS In cardiogenic shock

| lla llb Il

a N

ESC STEMI Leitlinien 2017. Eur Heart J 2017; epub



Patient Selection?

L

Cohort A

40-50% do not survive

h
hout

Cohort C-

25% -
Q®




MCS device selection

Cardiac arrest > VA-ECMO <

Hypoxemia /
l / + LV failure

RV failure |—> | Isolated > | Protek Duo, Impella RP

LV failure Severe shock | —> | Impella CP, Tandem Heart
Refractory shock:

STATEMENT FROM THE INTERVENTIONAL COUNCIL OF THE ACC

l /7 Preshock | —> | IABP
\>
®

A Practical Approach to Mechanical
Circulatory Support in Patients Undergoing
Percutaneous Coronary Intervention

An Interventional Perspective

Yamara M, Atkinson, MD,* E, Magnus Obaman, MD," Willism W, O'Nedll, MD," Tanveer Rab, MD,
Joagquin E, Ogarroa, MD," o betalf of the tterventional Sciemtific Councd of the Americun College of Cardiology

JACC intervention vol 9 ,no 9, 2016 : 871-83



Upcoming trial for answer the question

Randomized Control Trials Evaluating Mechanical Circulatory Support
in Acute Myocardial Infarction and Cardiogenic Shock

Cardiogenic shock

Thle2|($0est o Mas;;t(;;e‘ ! IABZS?ZOCK DANGER ECLY:SHOK Recover IV
IABP vs Tandem IABP vs IABP vs OMT '"é‘:;'ﬁ“‘izgc EgM?JfQS;)C Impella vs SOC
N=41 ECMO or impella N= 600 Actively Re_crulting Actlv(:: Recrultin 2021
Mortality 43-45% | | Poor Recruitment | | Mortality 40% ’ .
IMPRESS
ISAR-Sh
. ZOZSOCR Recover || 2016 ECMO-CS EuroShock
IABP vs Impella 2008-2010 IABP vs Impella ECMO vs SOC ECMO vs SOC
N=26 IABP vs Impella N=48 Goal N=120 Goal N=428
Mortality 46% Poor Recruitment Poor Recruitment Actively Recruiting Actively Recruiting
Mortality 46-50%

PROTECT IV

High-Risk PCI with Planned
Complete Revascularization

AN

Impella-supported PCl without planned
PCl hemodynamic

support

High risk PCI



®
Conclusion / Take-home Message O

* All MCS devices have some limitation /contraindications
« Careful case selection is the key to improve the patient outcome

* In High risk PCI
* Planning and prepare for the worst
 Bail out MCS device is another option ( better to have arterial access and
standby device )
*InCS
« Monitoring & early escalate therapy with MCS device is the key to break the
spiral
* Implementing "best practices” and developing “shock team” is associate
with improve outcome

Choose the right mechanical circulatory support device to the right patient.



