ECMO vs ECLA

Prof. Dr. Serdar Glinaydin
Kirikkale Universitesi Tip Fakiiltesi
Kalp ve Damar Cerrahisi A.D.

8,

Gogls Kalp Damar Anestezi ve Yogun Bakim Dernegi e ¥

ULUSAL KONGRESI

12-15 NISAN 2012
Hilton Turkbukii Resort & Spa - BODRUM




TANIM

ECMO ECLA

Optimal ventilator ve
farmakolojik destege
yanit vermeyen akut
reversibl solunum
yetmezligi olan hastalarin
uzatilmis (>6 saat) gecici
gaz degisim destegi

Belirli bir siire icin, kalp
ve akciger fonksiyonlarini
desteklemek amaciyla
~ . vucut dis1 dolasim

~\ ve/veya solunum destegi

N

/F,‘CM O is defined as the use of a CPB circuit for temporary life support
[for patients with potentially reversible cardiac and/or respiratory

| failure

' ECMO provides a mechanism for gas exchange as well as cardiac

/ support thereby allowing for recovery from existing lung and/or cardiac
" /disease




TERMINOLOJTI

~ECMO: Extracorporeal Membran Oxygenation
ECLS: Extracorporeal Life Support
ECLA: Extracorporeal Lung Assist
LSS: Life Support System
ECCOR: Extracorporeal CO2 Removal
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FIGURE 3.4 The first successful extracorporeal life support patient, treated by J. Donald Hill using the
Bramson oxygenator (foreground), Santa Barbara, 1971,

Ekstrakorporeal dolasimin uzun siireli yasam
destegi olarak kullanilmaya baslanmasi:
Dr. Donald Hill, Santa Barbara,1971



1973: Soeter ve ark. pediatrik kalp
ameliyat1 sonrasi ilk basarih ECMO

(4 y. TOF tamiri sonrasi hipoksi;48 saat)
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Esperanza (Umut)

FIGURE 3.6 The first
successful neonatal
ECMO patient (Espe-
ranza), treated by Bart-
lett and Gazzaniga at
Orange County Medical
Center. (A) The patient
on ECMO (May 1975)
and (B) at age one,

Ik basarili neonatal ECMO uygulamasi /Mekonyum aspirasyonu;
3 giinliik destek
Bob Bartlett, Orange County Medical center1974
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TARIHCE-ECLA

ASAIO Journal 2009

Case Report

First Experience With a Paracorporeal Artificial Lung In Humans

Daniete Camsong,* Avois PHiuee,* MatTHIAs ArLT, T MicHAEL Preirrer, ¥ MicHaer Hiker,* AND CHristor ScHMID*

Lung transplantation is the only treatment option for patients
suffering form end-stage respiratory failure. To date, no me-
chanical device is available to support patients on the waiting
list up to months. Here, we summarize our experience with
our first two patients, who were supported with a paracor-
poreal artificial lung (PAL) placed in parallel to the pulmo-
nary circulation with connection to the pulmonary artery and
to the left atrium. A low resistance membrane oxygenator
(iLA, Novalung, Hirrlingen, Germany) was attached in both
patients. Our first patient suffering from a pulmonary veno-
occlusive disease was supported for 18 days until he died due

ventilation failed to improve the patient’s gas exchange and
resulted in serious hypercapnia. An interventional Lung Assist
(iLA, Novalung, Hirrlingen Germany) was established as de-
scribed previously.2

During iLA support, the pulmonary artery pressure consider-
ably increased and clinical signs of right heart failure became
evident. Veno-arterial extracorporeal life support system (ECLS)
was implemented, but no clinical improvement was achieved,
and right ventricular failure occurred. In this disastrous situation,
we decided to implant a PAL in parallel to the native lung trying
to reduce right ventricular afterload and to improve oxygenation.

« Pulmoner venookliizif hastalik- 18 giin destek

« Primer pulmoner HT- 62 giin- Ake Tx
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ENDIKASYONLAR

Extracorpareal Life Support Organization (E1.50)

General Guidelines for all ECLS Cases

ECMO ECLA

« Optimal konvansiyonel tedavilere Akciger koruyucu
ragmen mortalite riski yliksek Ve.nt¥lasyon yapilirken CO2
(> % 80), akut siddetli kalp veya eliminasyonunun yeteri
akciger yetersizligi kadar basarilamadig

« ECMO mortalitesinin % 50 duru@lar
civarinda oldugu gozoniinde * Respiratuar asidozun
bulundurularak, hastaligin siddeti, yarattig etkl}erin
hastanin yas grubu ve organ engellenmesi

yetersizliginin durumu dikkatlice
degerlendirilmelidir

Version 1.1 April 2009



ECMO Uygulamalar
"Respiratuar yetersizlik"

— Neonatal respiratuar yetersizlik
« Persistan pulmoner hipertansiyon

Mekonyum aspirasyon sendromu

Konjenital diafragmatik herni

Pnomoni

« RDS

« Air leak sendromu

— Pediatrik / erigkin respiratuar yetersizlik
 Bakteriyel pnomoni
e Viral pnomoni
« Aspirasyon
« Pneumocystis
« ARDS
« Respiratuar yetersizlik (non-ARDS)
e Pulmoner kontiizyon
» Sepsis
e Entoksikasvon




ECMO Uygulamalar:
"Kardiyak yetersizlik"

« Myokardit

 Kardiyak arrest
 Kardiyojenik sok

« Malign aritmi

 Bridge to transplantasyon

 Kardiyak cerrahi sonrasi
(postkardiyotomi)




KONTRENDIKASYONLAR

ECLA

Hasta iyilégse bile, normal hayatla Heparine karsi bilinen paradoks
pagdasmayacak durumlar reaksiyonlar ve protamin

|| Yasam kalitesini etkileyecek uygulanmasi
| hastaliklarin varhig: (SSS . Kardiyojenik sok

'} fhastahklar, Malignensi, « Veno-arteriyel dolasim destegi

‘ .- itikoagiilasyon ile sistemik
;_a

l" Kanama riski)

« Bir pompa ile kombinasyon halde
kullanimi

-
1




ECMO/ECLA oncesi
cevaplanmasi gereken sorular

o Hastanin kardiyak/pulmoner yetersizligi geri
dontisumli miidiir?

« Konvansiyonel tedaviyi daha fazla stirdiirmenin
faydasi var midir?

« Hasta ECMO/ECLA icin yeterince hasta midir?

e Norolojik durum ve diger organ sistemleri yeterli
fonksiyona sahip midir?

« Sinirli miktarda da olsa heparinizasyon
kontrendike midir?

ECMO karari vermek icin hastanin

konvansiyonel tedavi ile tahmin edilen
mortalitesi > % 80 olmalidir.




ECMO SECENEKLERI

Veno-arteryel - solunum + dolasim destegi

Veno-venoz >  solunum destegi
(arteriyel girisim yok
sistemik emboli riski az)

Arteriovenoz - CO, uzaklastirilmasi

» Kaniilasyon ile 3 1t/dk/m2 flow saglanabilmelidir
(Neonatal: 120 ml/kg/dk ; Eriskin: 60 ml/kg/dk)
(CO2 uzaklastirilmasi icin: % 25 flow yeterli)



%no -arteriyel ECMO

}7 l#(?e—k' PaO, mudahalesi

o~ FAP Q@ﬁrﬁlﬁr

JSis ‘= zik dolasima kardiyak destek
, séglar

| A}tlér kaniilasyonu gerektirir
o

VA-VV ECMO

Veno-venoz ECMO

Dusuk PaO, mudahalesi

Yiiksek perfiizyon hiz1 gerekir

Pulmoner kan akimi devam ettirilir

Yiiksek miks venoz PO,

Sistemik dolasima kardiyak destek
saglamaz

Sadece venoz kaniilasyon gerektirir
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ECLA SECENEKLERI

TEDAVI BiCimi

POMPASIZ ILA

jua Acrivvelill

MEMBRAN
CESIDI

ILA

MINILUNG PETIT

[ DYEINE |

MINILUNG
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CO2 eliminasyonu

CO2 eliminasyonu

CO2 eliminasyonu

CO2 eliminasyonu

CO2 eliminasyonu

FONKSIYONU

Akciger koruma

Akciger koruma
Kardiak destek

Akciger koruma
Oksenjendirme
Kardiak destek

Akciger koruma
Oksenjendirme
Kardiak destek

Akciger koruma
Oksenjendirme
Kardiak destek

ONEMLI
OZELUKLER

En dUstk yozey
gerilimli membrane
20 Kg ve (zeri
hastalarda Co2
eliminasyonu

En disuk enflamatuar
orani

En ylUksek biy-
uyumluluk

Cok kolay priming ve
de-airing islemi

¢ Diyalizdekine benzer
kan akig ile
yetiskinde CO2
eliminasyonu
Yenidoganda tam
akciger detegi
Isitic-Segutucu
unitesi ile entegre
caligabiime
Cok kolay priming ve
de-airing iglemi

o Yetiskinde CO2
eliminasyonu ve
oksijen destegi

» Cocukta tam akciger
destegi

o Isstici-Sogutucu unitesi
ile entegre galigabilme

» Cok kolay priming ve
de-airing islemi

En dlsuk ylzey
gerilimli membrane
En dlstk enflamatuar
orani

En ylksek biyo-
uyumluluk

Cok kolay priming ve
de-airing islemi

 Yetiskinlerde akciger
desteginden akciger yerine
gecmeye, kardiak destege dek
genis tedavi segenegi

o Ozellikle septic veya obez
hastalarda kullanim

« Ozellikle yiiksek kan akiglart igin
dizayn ediimis yap

* Cok kolay priming ve de-airing
islemi

VASKULER
GIRISIm BicimI

Arterio-veno:

Vend-venoz
Vend-arteriyel

Vend-vendz
Vend-arteriyel

Vend-venoz
Vend-arteriyel

Veno-venodz
Veno-arteriyel

YUZEY ALANI

1,3m2

0,33 m2

0,65 m2

1,3m2

1,9 m2

KAN AKIS!

0,5-4,5 1t / dk

0,1 -0,8it/dk

0,1-2,41t/dk

0,5-4,51t/dk

1-7 it/dk

STATIK PRIMING
voLUm

175 ml

S55mil

95 mi

175 ml

275 ml

ISITICISOGUTUCU
BAGLANTISI

Entegre. YOzey alani
sbait kaliyor.

Entegre, Yizey alani
sbait kaliyor.

Entegre. YUzey alani sbait kaliyor.

TUP SET CAPI

3/8 inch

% inch—3/16inch

% inch

3/8inch

3/8 inch

KANULASYON

Novaport One

Novaport Twin
Novaport One

Novaport Twin
Novaport One

Novaport Twin
Novaport One
Novaport One + drengj
Kanul

Novaport Twin
Novaport One
Novaport One + drenaj Kanul

POMPA
KULLANIMI

Pompasiz

Pompali

Pompali

Pompah

Pompal

SINONIMLER

PECLA
AVCO2

ECCO2R
Yenidoganda ECMO

ECCO2R
Pediatrikte ECMO

ECCO2R

ECCO2R

ECMO

ECMO




KANULASYON

e Transtorasik (Sag atriyaum — Cikan aorta)

— Hizl veya hazir kaniilasyon (Aort kaniilii, sol SCA
distaline uzanmali)

— Kanama ve enfeksiyon riski yiiksek
 Juguler (Sag internal juguler ven — karotis com.)

— Bebeklerde uygun (solunum yetmezliginde)
 Femoral (femoral arter — ven)

— Alt extremite iskemisi (antegrad perfiizyon kaniilii)
— Venoz konjesyon (Safenoz sump kateter)
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ECMO DEVRESI

Membran-Oksijenator

Pompa

Roller:Hemoliz, tiibing
hasari, basinca
_ gduyarsiz, yakin takip
| gerektirir, uzun stireli
¢ kullanima uygun degil

-~ Santrifugal: Daha
,flzyolopk
yer(;eklmlnden
bagimsiz venoz drenaj,
. hava ve akut

| okliizyonda avantajli;

| yiiksek negatif venoz
/ /basing - kavitasyon,
hemoliz

Heat exchanger

‘Monitorizasyon cihazlari

'+ '3 Hemofiltrasyon

-
! .

¢ ! |
. ) g

Membrane
Oxygenator

Post-Membrane
Pressure
Monitor

Pre-Membrane
pressure monitor == “

- 02 Blonder

Warm%th

ou #

Exchanger

Reservoir




ECLA DEVRESI




ECMO Devresi
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ECMO vs KPB

Standart KPB

* Yercekimi drenaji

« Kardiyotomi rezervuari
» Acik sistem

- Hipotermi

- Hizh baslangic

 Hasta Feedback (-)

* Degisken hemodinami

ECMO

 Aktif aspirasyon
 Hasta=Rezervuar
« Kapal1 sistem

* Normotermi

* Yavas baslangic

« Hasta feedback (+)

» Kesin protokoller



ECMO sonlandiriimasi

Siddetli beyin hasari

Kalp, akciger fonksiyonlarinda
iyilesme olmamasi

Transplantasyon timidi bulunmamasi

— Destege baslamadan once hasta
yakinlarina bu ihtimal anlatilmahdir

— Institiisyonel, irreversibl kalp ve
akciger hasar1 tanimi olmalidir

— ECMO baslatilirken,” hastaya spesifik
deadline” planlanmalidir

« Kardiyak fonksiyon 3 giin

« Akciger fonksiyonu 2 haftada
diizelme gostermiyorsa destek
sonlandirilmasi diisiiniilebilir




Resussitasyon sirasinda ECMO
destegi kriterleri

 Sahit olunan arrest
o Etkili ve hemen baslanmis CPR

» 20 dk.” da kardiyak fonksiyonlarin geri
dondiiriilememesi

» Mekanik destek icin kontrendikasyon
yoksa

ECMO BASLANABILIR!!




Acil durumlarda ECMO

e Standart ECMO

— Uzun setup stiresi (45-60 dk)

— Transport guclugu

— Asir1 prime volumii (450 — 800 ml)
e Pre-primed Devreler

— Enfeksiyon riski yiiksek

— Maliyet yliksek

— Kristalloid prime fazla

— Hizli !

e Vakum ve CO, Prime Edilmis Devre

— Hizl kristalloid prime
— Portabl



ASAIO Journal 2009

Extracorporeal Life Support Registry Report 2008: Neonatal
and Pediatric Cardiac Cases

Nikkote M. HaNes,* Peter T. Rycus, T JoserH B. ZwiscHENBERGER, ¥ RoBERT H. BARTLETT, T AND AkiF UNDAR*S

Each year thousands of patients require extracorporeal life sup-
port (ECLS) for a variety of respiratory, cardiac, and emergency
reasons. The ECLS registry, a Federal Drug Administration ap-
proved control group, provides a database of approximately
37,000 ECLS patients from domestic and international hospitals,
with details about demographic factors, diagnosis, treatment,
and complications. The report is circulated to Extracorporeal
Life Support Organization members with the goal of providing
feedback on each center’s practices relative to the performance
of all of the centers, and to the general public with the goal of
enhancing research and improving patient care. In this report,
the ECLS Registry Report International Summary for July 2008 is
analyzed with a specific focus on neonatal and pediatric cardiac
patients. From the data, it is evident that cardiac FCIS patients
have a lower chance of survival than r¢

and furthermore, younger patients hav

vival. Requirement for inotropes while ¢

common complication, followed by su

cessitating hemofiltration. The major m

facing cardiac ECLS patients are oxygel

the circuit. Databases such as this one p _

institutions, clinicians, and researchers. ASAIO Journal 2009;
55:111-116.



ECMO Sonuclari

Extracorporeal Life Support Organization

Group

MNeonatal
Fespiratory

MNeonatal Cardiac

Fediatric
Fespiratony

Fediatnc Cardiac
Adult Respiratony
Adult Cardiac
Total

International Summary as of January, 2008

Total Number Survived to
Reported DischargelTransfer

21,916 16,611
3,266 1,229
3,693 2057

4,036 1,623
1416 27
520 274

36,466 23,188

Survival

6%
35%
26%

45%
21%
33%
64%
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Extracorporeal Life Support Organization

Cardiac Case Statistics - International Summary as of January, 2008

Primary Diagnosis Total Runs Number Survived Survival

Congenital Defect o, gl 2207 345%
Cardiac Arrest 205 63 30%
Cardiogenic shock 224 4t 42%
hyocarditis isis 160 G35%
Cardiomyopathy 611 315 o2%

Other 1416 sl 349%



o ECMO Registry

Centers by Year
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http://pediatricsurgeryonline.com/wiki/images/9/9c/ECMO5.PNG

ECMO -Cografi Dagilim

ISLEM/YIL

m Adult

® Neo/Ped

Sources: Dr. interviews, SuAzio European and US & Canada Survey, marketing
interviews,




ECMO Market Potansiyeli

‘Erigkin Patolojiler\
9K 14K 4K

y > 130.000 islem

¥
4

Kardiyakg\rrest ve Kardiyojenik Sok potansiyel marketin yaklagik %85 ini olusturmaktadir



Erigkin
Hastaliklar

ECMO & KPB Destegi
5 Yillik Gelecek

*Hasta basarisi *Yeni trial ve
ve yontemlerin HiN1

gelismesiyle nedeniyle
nedeniyle olumlu
olumlu artis gelismeler
*Hibrid odalar bekleniyor
ECMO’nun «Akut
kullanimini hastaliklar icin
yayginlastiracak ECMO
alternatifi
olamiyor (Akc
Tx disinda)

*Gelisimi en
yavas alan
*Yash
popiilasyon ve
yiiksek riskli
kalp cerrahisi
hastalarinin
artmasiyla
beklenti

yaratiyor

*Hastanede
degisik
branslarda
kullanim ile
beklenti

yaratiyor



TURKIYE

¢ 2000-2012
» Yiikselen trend

« Yayginlasmasi hizh

e Sonuclar?

« Brans yayginlasmasi

« Patlamaya hazir market
« Kontrol?

« Geri odeme




COMPETITION

QOverview:

Levitronix

Eurosets
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Pump Assisted
Lung Protection

PALP Set”
PALP Module

Tubes, Connectors
BIOLINE Coating

| CARDIOHELP
"TASINABILIR
YASAM DESTEK
SISTEMI”

CARDIOHELP System

Respiratory
Assist

HLS Set Advanced 5.0°
HLS Module Adv. 5.0

Tubes, Cannectors
BIOLINE Coating

HLS Cannutan

“Up to 30 cays
08:8ymn

v-y ECLS

Respiratory &
Cardiac Assist

HLS Sat Advanced 7.0°

HLS Moduie Adv. 7.0
Tubes. Connoclors
BIOLINE Coating

HLS Cannulas

v-a ECLS

Cardiac
Assist
ROTASSIST Sat*
ROTASSIST

Tubes, Connectors
BIOLINE Coating

Up 10 30 days
0.5-9.9 Umin
No

U

Cardiopulmonary
Bypass

MECC Sat*

QUADROX- R
Venous Bubble Trap
Tabes, Connactors
BIOLINE Coating

vonoun
hree stage cathetor,
arterin cannula

Up 10 6 hoors.







\j( TURKIYE UYGULAMALARI

Merkez Uygulama
5 24
19 105
29 132

201




GERI ODEME

« Sarf geriodemesi: 11500
« Hizmet geriodemesi: 3500
« Puanlar: 4500/2000




Klinik Deneyim (Acibadem-Bakirkoy)

N
\_.

||+ « N=9 (2 LVAD)
dl -+ Yas:7 giin — 30 y1l (8 pediatrik / 1 eriskin)

+ Destekten ayrilma: 4/9 ( % 44.4)

|+ Uzun siireli sagkalim: 3/9 (% 33) (2 LVAD)



ELSO- ECMO MERKEZI
GUIDELINE

~ ECMO merkezi ticlincii seviye neonatal, pediatrik ve/veya erigkin YB
' “olan bir merkez olmalidir

Minimum 6 hasta/y1l yapacak hasta popiilasyonu tagimalidir
" | | ;,\'Program Direktori (organizasyon)(yenidogan, yogun bakim, KVC veya travma

| « Endikasyon, kontrendikasyon, ekipman, prosediir, idame ve izlem
- protokolleri belirlenmeli ve istenildigi anda denetime sunulabilmelidir

'[ . Pediatrik—Erigkin kardiyolog, KVC, anestezist, genel cerrah,
\©/perfiizyonist, norosirurji, radyoloji, genetik, biyomedikal mithendis,
; I noroloji, nefroloji, fizik tedavi

| »/ 24 s ulasilabilir nakil ekibi

“. ,-;f 'Yeterli laboratuar goruntiileme backup




A¢ doon ag the anedthediologict,
Started._“;




N7 & ITALYAN ECMO ORGANIZASYONU




ECMO AGI ORGANIZASYONU

5 temel kural
e 1) 2 Ulusal Klinik Koordinator

— Saglik Bakanlig1 ve katilimel merkezler arasinda
baglant1 saglamak

— 24 s ulasilabilir sorun ¢oziimii

— Transport organizasyonu

2) Asagidaki kriterleri uygun 14 ECMO merkezi
secilmistir

- ARDS tedavisinde deneyimli

- Merkezin ECMO deneyimi veya deneyimi olan
ekip

- Cografi ozellikler

3) 24 s ECMO Cagr1 Merkezi

4) ARDS hastalar1 icin 3 giinlik V-V ECMO
egitimi

5) Erken hasta kabulii icin rehberler




(Perfusion
Perfusion

24(3) 153-162

Clinical evaluation of minimized extracorporeal ©The Author(s) 2009

Reprints and permission: http://www.

cnrculatlon. in r.ngh-.rlsk coronary SSgepien Mjonrski o
revascularization: impact on “@”P”éWSXgE
air handling, inflammation, hemodilution '

and myocardial function

Serdar Gunaydin',Tamer Sari?, Kevin McCusker?,
Uwe Schonrock* and Yaman Zorlutuna?

Abstract
Objective: We examined intraoperative microembolic signals (GME), inflammatory response, hemolysis, perioperative
regional cerebral oxygen saturation (rSO,), myocardial protection and desorbed protein amount on oxygenator fibers

- - -ta - afatly N B »




The International Journal of Artificial Organs / Vol. 32 / no. 11, 2008 / pp. 802-810

Artificial Heart and Cardiac Assist Devices

Clinical and biomaterial evaluation of a new
condensed dual-function extracorporeal circuit
in reoperation for coronary artery bypass surgery

SERDAR GUNAYDIN', KEVIN MCCUSKER?, VENKATARAMANA VIJAY?

'Department of Cardiovascular Surgery, University of Kirikkale, Kirikkale - Turkey
“Portsmouth Regional Hospital, NH - USA
*State University of New York, Brooklyn, New York, NY - USA

ABSTRACT: Purpose: This prospective, randomized study compared the clinical performance of three




Condensed ECC in CABG

L—ﬁ?\)

fiitl

Fig. 1 - Schematic representation of the novel
condensed circuit. Condensed, dual-func-
tion, open/closed configuration circuit uses
components that are tip-to-tip coated with
polymethoxyethylacrylate (PMEA), shortened
tubing, and a priming volume under 800 mL.
It includes a centrifugal pump and a venous
air removal device with an incorporated shunt
which bypasses the reservoir for closed con-
figuration. CPB was instituted either on open
configuration, with a hard-shell venous reser-
voir and cardiotomy; or closed configuration,
with flexible venous reservoir. A condensed
cardioplegia circuit infused fluid into the
blood pulled from the oxygenator.
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MO DEVRESI
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ECMO KANULLERT

‘Development and verification of a bi-directional

arterial cannula for the preservation of cerebral

or lower limb blood flow in patients undergoing
ECMO procedures”

' [ /A novel cannula which can perfuse in both directions, thereby preventing circulation

exclusion and its deleterious consequences

“WProfessor Mark Danton, Department of Cardiothoracic Surgery, Yorkhill Children's Hospital
\ Professor Terence Gourlay, The Bioengineering Unit, University of Strathclyde, Glasgow

g
rc}lfessor Serdar Gunaydin, Department of Cardiovascular Surgery, University of k.Kale- Turkey
y
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