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e Zvladnuti KS u pacientli s IM
* Bezpecné provedeni rizikové PCI




Soucasnhe
moznosti
podpory

Farmakolo- Tandem- ECLS/ (AV/:\»)
g|cka heart ECMO

Vyhody
Pritok (L/min) <0,5 2,5-5 4-8
\ V4 Koronarni perf 1 ’I"]‘ ’I"]‘ ™~ ’I"I‘ ™~
ObEh u LVEDP T NZ N2 N2 T N2
Limitace
Arytmie
CMP -
Ischemie DK NA * ok * ok NA
Krvaceni NA ** *oxk *[x*
Cena % 3k 3k 3k k kkkk 0 kkkkk W kkkkk 0 W kkkkkk




* Je tento typ podpory ucinnéjsi nez
Impella, IABK?
Tandem-heart




PROTECT I

Prospective Multic:r;;er Randomized Trial
Comparing IMPELLA to IABP in High Risk PCI:
90 Day Results

PROTECT Il

William O’Neill, Neal Kleiman, Jose Henriques, Simon Dixon, Joseph
Massaro, loana Ghiu, Brijeshwar Maini, Suresh Mulukutla, Viadimir Dzavik,
James Revenaugh, Hadley Wilson, Karim Benali, Magnus Ohman

On behalf of all PROTECT Il Investigators
SZzou

" Prvni prospektivni randomizovana studie
se svolenim FDA

= Pacienti vyzadujici hemodynamickou
podporu béhem rizikové PCl

= Srovnani IABK a Impella 2,5




PROTECT Il Trial Design

Patients Requiring Prophylactic Hemodynamic Support
During Non-Emergent High Risk PCl on

PROTECT Il Unprotected LM/Last Patent Conduit and LVEF<35% OR

3 Vessel Disease and LVEF<30%

o -

IABP +
PCI

Primary Endpoint = 30-day Composite MAE* rate

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

*‘Major Adverse Events (MAE) :
Doath, Stroke/TIA, MI (>3xULN CK-MB or Troponin) , Repoat Revasc, Cardiac or Vascular Operation of Vasc. Operation for
imb ischoemia, Acute Ronal Dysfunction, Increase in Aortic insufficiency, Severe Hypotonsion, CPRNVT, Angio Fallure




Charakteristika

lIb/Illa inhibitory
SVG nebo RA
Doba podpory (h)

Na podpore
po vykonu (%)

26,1
17,5
8,2

37,7

13,5
25,4
1,9
5,7

0,001
0,41

0,001
0,001



PROTECT Il MACCE™**

Per Protocol Population, N=426
30 -fDeath, Stroke, MI,

Vy'S I e d ky Repeat revasc.
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Log rank test, p=0.04

0O 10 20 30 40 50 60 70 80 90
Time post procedure( days)

ng x8ULN threshold for biomarkers or Q-wave for Peri-procodural Ml (Stone et al Circwulation 2001,104:642-647) and 2xULN
hold for blomarkers for Spontancous M (Universal M definition)




Vysledky

Pouziti Impelly je bezpecné
Vyssi hemodynamicka ucinnost
Klinicky profit

Nizsi MACCE



Impella
CP

Joumal of the American College of Cardiology

October 2016> A~ PDF Article
DOI: 10.1016/).jacc.2016.10.022
Just Accepted

Impella CP Versus Intra-Aortic Balloon Pump in Acute Myocardial Infarction Complicated
by Cardiogenic Shock: The IMPRESS trial

Dagmar M. Ouweneel, Erlend Eriksen, Krischan D. Sjauw, Ivo M. van Dongen, Alexander Hirsch, Erik J.S. Packer, M.
Marije Vis, Joanna J. Wykrzykowska, Karel T. Koch, Jan Baan, Robbert J. de Winter, Jan J. Piek, Wim K. Lagrand, Bas
A.J.M. de Mol, Jan G.P. Tijssen, José P.5. Henriques

= Multicentricka, prospektivni, randomizovana studie
= AIM komplikovany KS, vichni na UPV
= Porovnani mortality pri pouziti IABK nebo Impella CP

= Trvani podpory IABK 48h, Impella 49h



Vysledky
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\; p=0.92 by log-rank test]

- |ABP
— Impella CP

Number at risk
IABP

Impella CP

24
24

1
30 60 90 120 150 180

Days since randomisation

12 11 11 11 11 11
13 12 12 12 12 12

" Neni rozdil ve vysledcich



= Pouziti
* Rizikova PCI
* Akutni srdecni

Basir MB: Am J Cardiol. 2016




Slozitéjsi technologie
Oxygenace
Multioborovy tym

Komplikace



Selhani | ___n____| _Odpojeni

Kardialni 9025 56% 41%

Y 4
Vysledky
Respiracni 10601 66% 58%

- registr ELSO Po KPR 2885 39% 29%
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pu Tadle. Summary of Becent Studies With Survival to Discharge Results After VA ECMO |
Vys I e d ky Study Indcation Stucy Numbéro!  Survival to 30-cay
Period  Patients Discharge (%)  Sunvval
Bakhtiary et al™ Cardiogenic shock 2003-06 45 289 47%
V-3 EC M O Belle et al™ Cardiogenic shock:  2006-10 51 274 NA |
Cardiac amest
Chamogeorgakis et al™ Cardiogenic shock 2006-11 61 148 36.1%
Formica et af™ Cardiogenic shock 2002-09 42 8.1 52.4%
Kim et af™* Cardiogenic shock 2006-10 27 593 63%
Lamarche et al™ Cardiogenic shock 2000-08 32 44 43.8%
Lin ¢t ™ Cardiac amest 2004-06 55 29.1 34.5%
Liu et ™ Cardiac arest 2007-10 10 40 40%
Smedira et a’” Cardiogenic shock 1992-99 202 38 24%
Dol et al™ Cardiogenic shock 1997-2002 219 24 24%
Beurtheret et al*” Cardiogenic shock; 2005-09 87 368 NA
Cardiac amrest

Pujara D. Semin Thorac Cardiovasc Surg. 2015 Spring;27(1):17-23.




American Journal of Respiratory and Critical Care Medicine

Position Paper for the Organization of Extracorporeal Membrane
Oxygenation Programs for Acute Respiratory Failure in Adult
Patients

Alain Combes’, Daniel BrodieZ, Robert Bartlett®, Laurent Brochard*, Roy Brower=, Steve Conrad®, Daniel De Backer?,
Eddy Fané, Niall Ferguson?, James Fortenberry?, John Fraser'?, Luciano Gattinoni'', William Lynch?, Graeme
MacLaren'?, Alain Mercat’?, Thomas Mueller'?, Mark Ogino's, Giles Peek’®, Vince Pellegrino'’, Antonio Pesenti'é, Marco

Ranieri'®, Arthur Slutsky*, and Alain Vuylsteke®®; The International ECMO Network (ECMONet)
+ Author Affiliations




Lokalizace — nemocnice tercialniho typu

ECMO Dostatecna oblast — 6 pts/centrum/rok

ce ntra Multidisciplinarni ECMO tym (6 ¢lenu...
specialista na ECMO 24h denng,...)

Nelékarsky personal (JIP, koordinator,)

Existence protokolu (indikace, Kl, systém péce,
udrzba pristroju, ukonceni lécby,...)

Vzdélavaci kurz (min. 64h)




EUROPEAN
SOCIETY OF

For ECMO centres CARIIOLOGY®

For training and
continuing education

of specialists

" CESKA :
KARDIOLOGICKA

SPOLECNOST




EURCPILAN [OURNAL OF
CARDIO-THORACTC
SURGERY

European Journal of Cardio-thoracic Surgery 40 (2011) 676—681

www.elsevier.com/locate/ejcts

Guideline

Position article for the use of extracorporeal life support in adult patients

Andreas Beckmann 2, Christoph Benk”, Friedhelm Beyersdorf® "™, Gerd Haimerl <,

Frank Merkle 9, Carlos Mestres <, John F’epperf, Alexander Wahba ® and
on behalf of the ECLS Working Group'

# German Society for Thoracic and Cardiovascular Surgery, Berlin, Germany
“ Department of Cardiovascular Surgery, University Hospital Freiburg, Hugstetter Str. 55, 79106 Freiburg, Germany
“Centre for Applied Simulation, University of Applied Sciences Furtwangen, Villingen-Schwenningen, Germany
4 Germman Heart Center Berlin, Berlin, Germany
® Department of Cardiovascular Surgery, Hospital Clinico, University of Barcelona, Barcelona, Spain
"Royal Brompton Hospital, Department of Surgery, London, UK
g5t. Elisabeth Department of Cardiac-thoracic Surgery, Trondheim, Norway

Received 24 January 2011; accepted 2 May 2011; Available online 17 June 2011



" Tymova spoluprace
= Lékar ma prokazat zkusenost

* |Indikace, Kl

* Kanylace tepen i zil v€etné kanylaci pro omezeni
periferni ischémie

* Reseni cévnich komplikaci
* Moznosti dekomprese LK

* Znalost monitorace parametru k zabranéni ischemie
CNS, myokardu ..

" Perfuzionista
* 100 MTO a/nebo 2 roky praxe




ECMO

centrum -
UK, Italie,
Rakousko

ECMO centrum ma byt v nemocnici
I11. typu (populace 2-3 milidony)

Doporuceny objem 20-25 pacientu
rocne, ne méneé nez 10, learning curve 20
pacientu

Tymova spoluprace —24h denné

Standardizované protokoly - lepsi
vysledky

Pristrojové vybaveni



Cardiac Intensivists Improve Clinical Outcomes for
Patients with Cardiogenic Shock

v/ Association Between Presence
P rlto m n OSt of a Cardiac Intensivist and Mortality
in an Adult Cardiac Care Unit

specialisty A

TABLE 2 Treatment Charactecistics
Totn Pathenty
Low-latenty Magh-datensity Mandardied
(n W) (n  1513) p Vilse Dilference (%)

[1ceropes of vascrendn 010)0 0679 0M 95 |
Dopamne WQaedy 100G <000 ns
T‘?_ Noreswepiv e ROy wWmmn o0 57
g Debetanne PO6) MN8N O 22
.}" Vaopoeisn B@y aes  on 3
e (pnestvine 12QO)  04(EN  <000) 82
§ Winecne 4007 VO6 008 24
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Mo Purscal vt it on WORDN JA9 (%9 on 41
POV e replicemert theragy (ALY 6(75) 0004 95

Cxdiorascdar  Noncxrdiovascdyr Sepeis
death death

Na and Yang et al. JACC 2016




* Kanylace
— Malpozice kanyl (zejména venozni)
— Disekce tepny

Komplikace — Koncetinova ischemie (12,5% to
22,6%), compartment sy nebo

fasciotomie 10,3%

* Porucha koagulace
— Krvaceni 26,8% to 56,6%, DIC 5%
— Hemolyza 18%
— Staza krve v LK, aorté — tromby
— Trombodza systému 10%

* Neurologické komplikace (8-50%)




* Selhani levého srdce, plicni edém

* Renalni selhani (35,5% to 74,0%),
nutnost RRT (36,7% to 55,5%)

* [nfekce 19,5% to 44,0% (25%
sepse, 36% pneumonie)

* SIRS (systémova zaneétliva
odpoved) — reakce na ne-
endotelizovany cizi povrch
systému (vasodilatace, poruchy
koagulace, trombocytopenie)

Komplikace
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= Uspé&sné odpojeni

Dalsi osud
pacienta

= Reeni komplikaci

" Prechod na jiny typ podpory




Dalsi osud
pacienta

Je to v silach kazdého PCl centra ?

Ne




" Transport je rizikovy

514 transportl, u 31,4% komplikace (65% pacientskych — ztrata

Transport

objemu, 15% personalnich — nedostatecna kontrola vybaveni, 13%
se vztahovalo k vozidlu — energie, misto)

nhikdo nheumrel

" Transport je bezpecny

review 1481 pacientl, preziti 68%, 2 umrti béhem transportu

Ericsson A., Prehosp Emerg Care. 2017 Feb 6:1-8
Mendes PV, Ann Intensive Care. 2017 Dec;7(1):14.




Duvody

omezit # Snizit dostupnost a kvalitu péce

pocty
pracovist

= Zabezpecit kvalitni peci, omezit riziko
komplikaci




" Zkusenost
* Tymovy pristup
- Casnéjéi intervence

Jak zlepsit clstiniervence
* Jasna indikacni kritéria
kvalitu * Selekce pacientu

" Lepsi technologie
* Biokompatibilita
* Dekomprese LK
" Perioperacni péce
* Protokol
* Mensi kanyly
* Kanylace trisel ?
* Soucasna IABK




Pro Proti

Dostupnost péce
Stejna kvalita péce




Pro Proti

Dostupnost péce Multidisciplinarni

Stejna kvalita péce pristup
Reseni komplikaci

Nasledna péce
Naklady




ANO NE

TH, Impella ECMO




= Multidisciplinarni pristup — faktory

patient-related, logistické a

institucionalni (personal, technologie)

* Financné narocha metoda

— zdroje je treba spotrebovat efektivné

v Vv Ve

= Komplikace — Casté a obtizneée resSitelné
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Dékuji za pozornost




Pro Proti

Dostupnost péce
Stejna kvalita péce

—
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Can We Do Better?

Yes, by focusing on three areas:

— Preoperative patient selection
» Earlier intervention?
* ECMO Team Approach
» Established and dispersed selection criteria
* “When to refer” cards
— Better technology
* Further miniaturization
* Further biocompatibility
* Impella decompression of LV
_* Pulsatility algorithm
— Optimize perioperative care
* Avoid groin cannulation if time permits

v
~* Protocols
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Rizikové
faktory
pro ECMO

= Vek

—nad 70 let — preziti 30,5% x 43,1% (pod 70 let)

Lorusso R., Ann Thorac Surg.
2017 Jan 25. pii: S0003-4975(16)31471-0. doi: 10.1016/j.athoracsur.2016.10.023. [Epub ahead of print]




ECLS Wash U/BJH

N
Male %
Survival %

ICU stay (d)

Total Hospital
stay(d)

ECMO to LVAD(n)

Transfer on
ECMO(n)

umedi.com/video/extracorporeal-life-support-ecls-in-the-era-of-percutaneous-ventricular-assist-device/-
obr.
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ECLS is a resource-intense
treatment

* Hospital Resources
« ECMO system ($5$$$$)
« Cannulas ($$9)
« ICU
« Cathlab, OR
« Transfusion service
* Human Resources

« Multidisciplinary decision making call team
(Cardiology/Pulmonology/Surgery)

Operator and assistants
Perfusionists
Intensivists
Consulting service(Vascular, Gl, Neuro, ID, Gen sx etc.)
Social/financial services
* Next Steps
« VAD, HTx, Lung Tx
« Multidisciplinary LVAD/HtX/Lung Tx team




Indication ECLS

Acute Cardiac Failure
Acute coronary syndrome
Myocarditis
Acute on chronic CHF
Post heart transplant graft failure, rejection
Post cardiotomy shock
Unknown etiology
Respiratory shock
« ARDS
= Acute exacerbation of chronic pulmonary disease
« Pulmonary emboli
? Septic shock
? Social indication ? (Young, someone’s patient, etc.)




Indication ECLS: Clinical condition

Circulatory failure (Cl<2.2)

Increasing inotropic/vasopressor support

= Epi 0.2mcg/kg/min, Norepi 0.2 mcg/kg/min,
Vasopressin, Dobutamin 10 mcg/kg/min etc

Severe acidosis/ elevated lactate)

Other organ damage(elevated Liver enzymes,
creatinine)

Worsening ventilator setup, prone, bilevel,
PaO2/FIO2 ratio <100..

(Unable to come off CPB)
Pt is on temporary devices and failing (pVAD, IABP)




(Relative) Contra-indication ECLS

Age >80

Unwitnessed cardiopulmonary arrest, possibly anoxic brain injury
Chest compressions not initiated within 10 min of arrest

Asystole

CPR >60 min

Hemorrhagic shock

Pre-existing medical conditions:
Ischemic/hemorrhagic Stroke
COPD severe
ESLD
ESRD
Severe PVD
Malignancy with poor prognosis
Hypercoagulable state/coagulopathy

* Relative C-l (Poor socioeconomic situation)

« Noinsurance will leave a huge financial burden to the patienUfamily and no options of
Advanced MCSD

MO Medicald does not support LVAD unless heart transplant eligible
No family support




« “GO” for ECMO or PVAD (Impella) if
your patient condition is

1) Recoverable
or

2) Possibly bridged to LVAD/HTx or Lung Tx?




Nationwide Inpatient Sample from
Healthcare Cost and Utilization Project

70 -
ol 433% Growth in Annual ECMO
Procedures since 2006

f:..-lllllllll

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Saver CM, Yuh DO, Bonde P. ASAIO DOL 10 1087/MAT 0000000000000 160
* Data from NIS from HesthCare cost and Usizason Propct (HCUP)

FDA Opinion Similar to Literature

Discharges*
S 8 8 8

Cases per million
Adult

; Summary: ECMO for PCS
» The literature 2
High Mortality

ana|y5|5, the Consistent resuits over time (1992-2000 v 2004-2010)
2 meta-analyses,
and this FDA
opinion come to

5 ! 2 Dxponential iIncrease In compiications with tme
s|m||ar conc|u5|ons = Early S0rTad wean OF ARTON 10 Swradie VAD

*Survival unaffected by advances/differences in currently available
circuit component combinations.”

“Exponential increase in complications with time; early forced wean or

transition to durable VAD."
- Dr. John Laschinger, FDA 515 Panel, 2014
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European Journal of Cardio-thoracic Surgery 40 (2011) 676—681

EUROPILAN JOURNAL OF
CARDIO-THORACTC
SURGERY

www.elsevier.com/locate/ejcts

Guideline

Position article for the use of extracorporeal life support in adult patients

Andreas Beckmann @, Christoph Benk®, Friedhelm Beyersdorf®”, Gerd Haimerl €,
Frank Merkle 9, Carlos Mestres®, John Pepper’, Alexander Wahba 8 and
on behalf of the ECLS Working Group’

A Larman Cartate for Thoracie and £ "

3.1. Indications

ECLS is an advanced medical treatment option th
requires medical expertise and puts substantial pressure ¢
hospital resources [5]. The decision to institute ECLS shou
be based on a team approach where a physician/surgeon wi
experience in the field of extracorporeal circulatory assist
a team member.

In the field of ECLS, there should be minimum requir
ments in education and experience to run an extracorpore
circulation system. The ECLS systems should be applied as
teamwork between physicians who have the medic
responsibility (including the ability to cannulate the patien
set up all necessary monitoring systems, and the ability 1
cope with all potential complications immediately) ar
perfusionists who have the responsibility for the extracor-
poreal circulation. The use of ECLS systems should be limited
to these occupational groups.

ECLS systems need specific medical and technical knowl-
edge in extracorporeal circulation (ECC). There are different
previous experiences in ‘cardiovascular engineering’ for
physicians and even for perfusionists. However, it is agreed
upon that physicians operating an ECLS system have to have
proven experience in (a) indications and contraindications,
(b) cannulation of various arterial and venous vessels for
immediate start of the ECLS, (c) handling vascular complica-
tions secondary to cannulation procedures, (d) techniques
avoiding peripheral ischemia after cannulation, (e) various
methods to decompress the right and left ventricle, and (f)
all monitoring parameters to avoid severe complications such
as cerebral hypoxia, myocardial damage, etc.

Perfusionists have to have experience in more than 100
ECC perfusions and more than 2 years of practical experience
in perfusion during cardiac surgery procedures.



ELSO GUIDELINES FOR TRAINING AND CONTINUING EDUCATION
OF ECMO SPECIALISTS

64-140 hodin

Adult

Respiratory
Cardiac
ECPR

Total
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Current Pharmacology & Devices

LVAD
Tandem- pVAD cCLS
Heart  (Impella) " (C-mag) (H':g)HV

Inotropic IABP

Advantages
Flow (Umin.) 35 25-50
Coronary Perfusion t 1t 11 't
LVEDOP t l 1l 1

Limitations
Arrthythmia
Stroke . . .

Limb ischemia .. . ree

Bleeding ‘e /e reee
Cost $88S $$58S $SS8S




PROTECT Il Study Flow

Assessed for

Eligibility Not Eligible: N=635
. AT.8% Met Exciasion critoria
N=b82 % Patient refusal, ND decision

13% Uninown

Randomized
Intent-to-Treat
N=447
‘_—L—.

ntent-To-Treat (ITT) [ ABP W
population N= 223 N= 224
et 90day F/U, N=220 90day F/U, N=222

2 W Oww conaer? poat NS (advve) e AW (O send gt DT (M eve)
TEF w0

B Roa oW = TNUENO or UM
ot ¥ A
INO2 IVO or ULN (N=12) (N=9) -

1A ve W

2 Severe MDD o1 AS 1 Severe VD

1Pl te < 12000 1P atedety < TOO00
- 1 Creatnvime>d

Per Protocol population= Patients that met all inclusion and exclusion criteria.
Per Protocol population was pre-specified and patients were identified prospectively prior to the statistical analysis.




PROTECT Il MAE Outcome

Intent to Treat (N=447) Per Protocol (N=426)
o= p=0.029

p=0.087 J IMPELLA

49.5%

N=223 N=224 N=220 N=222 N=211 N=215 N=210 N=213
30 day MAE 90 day MAE 30 day MAE 90 day MAE

MAE = Major Adverse Event Rate Per Protocol= Patients that met all incl/ excl criteria




Conclusion

* The use of Impella for hemodynamic support during high risk PCl is safe. -~

* The superior hemodynamic support of Impella appears to have led to
significant procedural differences between the two arms.

* Impella arm had strong trends towards superior clinical outcomes for the
entire intent-to-treat population with a significant reduction of the MAE rate in
the pre-specified per protocol population at 90 day follow-up.

» The clinical benefit was more pronounced for patients undergoing high risk
PCI without atherectomy with the Impella support.

* There was a strong trend for lower MACCE rate for the entire intent-to-treat
population with a significant reduction of the MACCE rate in the pre-specified
per protocol population at 90 day follow-up when a more clinically relevant
threshold of CK-MB release for peri-procedural MI** is considered.

Using ABULN for diomarkers or Q-wave fov Peri-procedural M (S1ome of af Croutation 2001104 642-447) and 20N for Spontanecus M (Universal M defimition)

30 day MAE 90 day MAE

Peor Protocois Patients that met all incl/ excl criteria




Mortality vs Number of Vasopressors/inotropes
Pre-Device Implant Among the Total Cohort

— — Ore-way ANOVA p0.08

e Orve-winy ANOVA p0 02

% Mortality

-~
L
M

05 5-10 >10
Lacate Levels (mEq/L)

Early and Effective Device Support is Critical for Survival

Esposito and Kapur et al. TCT 2016




PROTECT I

Prospective Multic:r;er Randomized Trial
Comparing IMPELLA to IABP in High Risk PCI:
90 Day Results

William O'Neill, Neal Kleiman, Jose Henriques, Simon Dixon, Joseph
Massaro, loana Ghiu, Brijeshwar Maini, Suresh Mulukutla, Viadimir Dzavik

James Revenaugh, Hadley Wilson, Karim Benali, Magnus Ohman
O
Background

On behalf of all PROTECT Il Investigators

« Patients with depmggnd IV functinon and ecomnlay anatoamv have

e S Procedural Differences
|

« Prophylactic IAE| Procedural Characteristics IABP Impella

(N=223) (N=224)

PCI patients ann| Use of Heparin 82.4% 93.5% <0.001
lIb/llla Inhibitors 26.1% 13.5% 0.001
o'l m id Total Contrast Media (cc) 241114 267+142 0.037
MPORaspYOYIAO Rotational Atherectomy (RA) 9.5% 14.9% 0.088
L Median # of RA Passes/lesion (arange) 1(1-2) 3(2-5) 0.001
* PROTECT llis t Median # of RA passes/pt arnge) 2.0(2.0-4.0) 5.0(3.5-85) 0.004
for patients requ Median RA time/lesion (a range sec) 40 (20-47) 60 (40-97) 0.005
3 RA of Left Main Artery 3.1% 8.0% 0.024
comparing outc % of SVG Treatment or RA use 17.5% 25.4% 0.041
Total Support Time (hour) 8.2¢21.1 1.9£2.7 <0.001

Discharge from CathLab on device 37.7% 5.7%

' Heath Resoarch terratonad 2008 reps:



